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Background
There is evidence that water-loss dehydration is common in older people and associated with many causes of morbidity and mortality.
However, it is unclear what clinical symptoms, signs and tests may be used to identify early dehydration in older people, so that support
can be mobilised to improve hydration before health and well-being are compromised.
Objectives
To determine the diagnostic accuracy of state (one time), minimally invasive clinical symptoms, signs and tests to be used as screening
tests for detecting water-loss dehydration in older people by systematically reviewing studies that have measured a reference standard
and at least one index test in people aged 65 years and over. Water-loss dehydration was defined primarily as including everyone with
either impending or current water-loss dehydration (including all those with serum osmolality ≥ 295 mOsm/kg as being dehydrated).
Search methods
Structured search strategies were developed for MEDLINE (OvidSP), EMBASE (OvidSP), CINAHL, LILACS, DARE and HTA
databases (The Cochrane Library), and the International Clinical Trials Registry Platform (ICTRP). Reference lists of included studies
and identified relevant reviews were checked. Authors of included studies were contacted for details of further studies.
Selection criteria
Titles and abstracts were scanned and all potentially relevant studies obtained in full text. Inclusion of full text studies was assessed
independently in duplicate, and disagreements resolved by a third author. We wrote to authors of all studies that appeared to have
collected data on at least one reference standard and at least one index test, and in at least 10 people aged ≥ 65 years, even where no
comparative analysis has been published, requesting original dataset so we could create 2 x 2 tables.
Data collection and analysis
Diagnostic accuracy of each test was assessed against the best available reference standard for water-loss dehydration (serum or plasma
osmolality cut-off≥ 295mOsm/kg, serumosmolarity or weight change) within each study. For each index test study data were presented
in forest plots of sensitivity and specificity. The primary target condition was water-loss dehydration (including either impending or
current water-loss dehydration). Secondary target conditions were intended as current (> 300 mOsm/kg) and impending (295 to 300
mOsm/kg) water-loss dehydration, but restricted to current dehydration in the final review.
We conducted bivariate random-effects meta-analyses (Stata/IC, StataCorp) for index tests where there were at least four studies and
study datasets could be pooled to construct sensitivity and specificity summary estimates. We assigned the same approach for index
tests with continuous outcome data for each of three pre-specified cut-off points investigated.
Pre-set minimum sensitivity of a useful test was 60%, minimum specificity 75%. As pre-specifying three cut-offs for each continuous
test may have led to missing a cut-off with useful sensitivity and specificity, we conducted post-hoc exploratory analyses to create
receiver operating characteristic (ROC) curves where there appeared some possibility of a useful cut-off missed by the original three.
These analyses enabled assessment of which tests may be worth assessing in further research. A further exploratory analysis assessed the
value of combining the best two index tests where each had some individual predictive ability.
Main results
There were few published studies of the diagnostic accuracy of state (one time), minimally invasive clinical symptoms, signs or tests to
be used as screening tests for detecting water-loss dehydration in older people. Therefore, to complete this review we sought, analysed
and included raw datasets that included a reference standard and an index test in people aged ≥ 65 years.
We included three studies with published diagnostic accuracy data and a further 21 studies provided datasets that we analysed. We
assessed 67 tests (at three cut-offs for each continuous outcome) for diagnostic accuracy of water-loss dehydration (primary target
condition) and of current dehydration (secondary target condition).
Only three tests showed any ability to diagnose water-loss dehydration (including both impending and current water-loss dehydration)
as stand-alone tests: expressing fatigue (sensitivity 0.71 (95% CI 0.29 to 0.96), specificity 0.75 (95% CI 0.63 to 0.85), in one study
with 71 participants, but two additional studies had lower sensitivity); missing drinks between meals (sensitivity 1.00 (95% CI 0.59
to 1.00), specificity 0.77 (95% CI 0.64 to 0.86), in one study with 71 participants) and BIA resistance at 50 kHz (sensitivities 1.00
(95% CI 0.48 to 1.00) and 0.71 (95% CI 0.44 to 0.90) and specificities of 1.00 (95% CI 0.69 to 1.00) and 0.80 (95% CI 0.28 to
0.99) in 15 and 22 people respectively for two studies, but with sensitivities of 0.54 (95% CI 0.25 to 0.81) and 0.69 (95% CI 0.56 to
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0.79) and specificities of 0.50 (95% CI 0.16 to 0.84) and 0.19 (95% CI 0.17 to 0.21) in 21 and 1947 people respectively in two other
studies). In post-hoc ROC plots drinks intake, urine osmolality and axillial moisture also showed limited diagnostic accuracy. No test
was consistently useful in more than one study.
Combining two tests so that an individual both missed some drinks between meals and expressed fatigue was sensitive at 0.71 (95%
CI 0.29 to 0.96) and specific at 0.92 (95% CI 0.83 to 0.97).
There was sufficient evidence to suggest that several stand-alone tests often used to assess dehydration in older people (including fluid
intake, urine specific gravity, urine colour, urine volume, heart rate, dry mouth, feeling thirsty and BIA assessment of intracellular water
or extracellular water) are not useful, and should not be relied on individually as ways of assessing presence or absence of dehydration
in older people.
No tests were found consistently useful in diagnosing current water-loss dehydration.
Authors’ conclusions
There is limited evidence of the diagnostic utility of any individual clinical symptom, sign or test or combination of tests to indicate
water-loss dehydration in older people. Individual tests should not be used in this population to indicate dehydration; they miss a high
proportion of people with dehydration, and wrongly label those who are adequately hydrated.
Promising tests identified by this review need to be further assessed, as do new methods in development. Combining several tests may
improve diagnostic accuracy.
P L A I N L A N G U A G E S U M M A R Y
Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Water-loss dehydration results from drinking too little fluid. It is common in older people and associated with increased risk of many
health problems. We wanted to find out whether simple tests (like skin turgor, dry mouth, urine colour and bioelectrical impedance)
can usefully tell us whether an older person (aged at least 65 years) is drinking enough. Within the review we assessed 67 different tests,
but no tests were consistently useful in telling us whether older people are drinking enough, or are dehydrated. Some tests did appear
useful in some studies, and these promising tests should be re-checked to see whether they are useful in specific older populations. There
was sufficient evidence to suggest that some tests should not be used to indicate dehydration. Tests that should not be used include dry
mouth, feeling thirsty, heart rate, urine colour, and urine volume.
B A C K G R O U N D
Target condition being diagnosed
Dehydration is defined as “loss or removal of fluid” from the body
and occurs when fluid intake fails to fully replace fluid losses in the
body (Churchill Livingstone 2008). A more physiological defini-
tion of dehydration would be having a clinically relevant decline
in total body water volume compared to the subject’s euvolaemic
volume state, which gives the person the best haemodynamic, re-
nal and peripheral tissue-fluid homeostasis.
Causes of dehydration in older people may include diarrhoea,
exudation (from burns or other raw areas), fever and increased
sweating, polyuria (frequent urination), bleeding, vomiting and/
or inadequate fluid intake. The resultant hypovolaemia (decrease
in blood plasma volume) is accompanied by electrolyte balance
disruption (Churchill Livingstone 2008). The most extrememan-
ifestation of dehydration is hypovolaemic shock, which requires
emergency medical treatment. Signs of hypovolaemic shock can
include cool and clammy skin, reduced urine output, flattening
of veins in the neck, altered mental state, low pulmonary wedge
pressure, low cardiac index and high systemic vascular resistance
index (Goldman 2004). Milder dehydration is common in older
people.
The Dehydration Council suggests that dehydration is a complex
condition resulting in a reduction in total body water (TBW)
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(Thomas 2008). It can be classified as water-loss dehydration (due
to water deficit, which can be hypernatraemic (high blood sodium
levels) or hyponatraemic (low blood sodium levels) in the presence
of hyperglycaemia (high blood glucose)); or salt-loss dehydration
(due to salt and water deficit, generally hyponatraemic, rarely iso-
tonic (the same concentration of solutes as blood)).
Serumosmolality is the osmolar concentration or osmotic pressure
of serum, so reflects the number of dissolved particles (whether
they are able to permeate cell membranes or not) per kilogram
of serum. Serum osmolality of 275 to < 295 mOsmol/kg is con-
sidered normal; 295 to 300 mOsmol/kg suggests impending wa-
ter-loss dehydration; and > 300 mOsmol/kg suggests current wa-
ter-loss dehydration (Thomas 2008). In this review we have used
the term “water-loss dehydration” to indicate people with serum
osmolality of 295 mOsm/kg or more (with either impending or
current dehydration). The terms “impending dehydration” and
“current dehydration” have been used, following the terminology
of Thomas 2008, although these terms are not commonly used in
some settings.
In water-loss dehydration either serum sodium or glucose levels
are raised and hypotonic fluids must be given, diuretic medica-
tions changed and/or other causes of increased fluid losses treated.
Impending (mild or pre-clinical) water-loss dehydration is an in-
termediate stage that may indicate long term chronic fluid defi-
ciency, which may not progress, or an early stage of dehydration
before onset of current dehydration. Impending dehydration may
indicate a point at which an intervention to reverse dehydration,
prevent medical emergency and reduce the risk of current dehy-
dration, can be applied. Rapid medical intervention is needed for
current (severe or clinical) water-loss dehydration because elec-
trolyte disturbance and volume reduction is a significant health
risk.
Dehydration in older people is associated with high risk of ad-
verse health outcomes and death (Waikar 2009; Warren 1994).
Dehydration contributes to many of the major causes of death
and morbidity in older people. Adverse health outcomes asso-
ciated with dehydration in older people include falls, fractures,
heart disease, confusion, delirium, heat stress, constipation, kid-
ney failure, pressure ulcers, poor wound healing, suboptimal re-
habilitation outcomes, infections, seizures, drug toxicity, and re-
duced quality of life (Chan 2002; DoH and Nutrition Summit
2007; Mentes 2006a; Olde Rikkert 2009; Rolland 2006; Thomas
2008; Wakefield 2008).
There are consistent data fromhigh quality prospective studies (ap-
propriately adjusted for concurrent risk factors and disease) indi-
cating that raised serum osmolality and tonicity (indicating water-
loss dehydration) are associated with increased risk of mortality in
a general elderly US population, UK stroke patients and US older
peoplewith diabetes (Bhalla 2000; Stookey 2004a;Wachtel 1991),
and with poorer functional status in US older people (Stookey
2004a). In 2004, John Reid, UK Secretary of State for Health,
stated that high numbers of unplanned hospital admissions among
the at-risk elderly were for entirely preventable conditions such
as dehydration (Reid 2004). The estimated avoidable cost to the
1999 US healthcare system of older people admitted to hospital
with primary diagnoses of dehydration was US$1.1 to US$1.4
billion annually, and admission rates appeared to be rising (Xiao
2004). Early identification, prevention and treatment of dehydra-
tion in the community would benefit older people and reduce
healthcare costs.
Dehydration becomes more common as people age for several rea-
sons (Hooper 2014). As we get older our thirst response decreases
(De Castro 1992), meaning that it is not appropriate for them
to rely on thirst to ensure that they drink sufficient quantities of
fluid. In addition, their ability to retain salt and fluid falls as kidney
function decreases, kidney and urinary diseases increase in preva-
lence (Davies 1995; Lindeman 1985), and total body fluid reduces
(Olde Rikkert 1997; Olde Rikkert 2009). Medications such as di-
uretics, laxatives, angiotensin-converting enzyme inhibitors, psy-
chotropic medications and polypharmacy (Mentes 2006a), as well
as increased dependence on carers to provide drinks, also increase
dehydration risk. The prevalence of dehydration in frail older peo-
ple varies by setting and level of care required, as well as how hy-
dration status is assessed. It has been asserted that hydration is
well maintained in older people living independently, maintaining
normal patterns of eating and drinking, but dehydration can de-
velop following illness, depression, surgery, trauma or other physi-
cally stressful situations (Luckey 2003). However, recent evidence
suggests that the prevalence of dehydration in independent com-
munity-dwelling older people is higher than previously thought.
Plasma osmolality, measured in a US population of 15,000 people
aged from 20 to 90 years (from the NHANES III cohort), found
that 40% of those aged 70 to 90 years had impending water-loss
dehydration, and a further 28% had current dehydration (high
plasma tonicity, > 300mmol/L, Stookey 2005c). Another largeUS
survey found that 50% of older people had elevated plasma tonic-
ity. Both findings may relate to a high prevalence of elevated glu-
cose, rather than hypernatraemia (Stookey 2005b; Thomas 2008).
Older people living in residential care represent an extremely frail
population. In the UK, 4% of the growing number of older peo-
ple live in care homes or long-stay hospitals; rising to 21% of
those aged 85 years and over (National Care Homes 2007). Re-
search in Norfolk (UK) care homes found that on a single assess-
ment of 56 residents (from six institutions), 17 (30%) residents
were dehydrated (with a furrowed tongue). A year later rates were
lower (21%) and the risk of being dehydrated at the second visit
did not relate to hydration status at first visit (Kenkmann 2010).
More recently a cross-sectional study of 186 older people living in
56 Norfolk and Suffolk care homes measured dehydration using
serum osmolality and found that 46% had water-loss dehydra-
tion (including 19% with current dehydration, and a further 27%
with impending dehydration, Siervo 2014). ACalifornian nursing
home study found that 31% of residents were dehydrated (defined
as follows: 11% of elderly residents were hospitalised for dehy-
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dration, 6% were given intravenous rehydration, and 14% were
found to have blood urea nitrogen/creatinine ratio greater than
25:1) at some point over six months (Mentes 2006b). However,
point prevalence dehydration was reported to be 1.4% inMissouri
nursing homes (Thomas 2008). The prevalence of dehydration in
studies depends not only on the population assessed, but also on
what definition of dehydration is employed and methods used.
A small study of US nursing home residents suggested that most
participants did not drink enough fluid (39/40 drank less than 1.5
L/day), and drank little between meals (Chidester 1997; Spangler
1998b), but dehydration was not assessed. Factors contributing
to low fluid intake included clinical (dysphagia, functional im-
pairment, dementia, and pain); social (lack of attention to drink
preferences, inability of residents to communicate with staff, and
lack of social support); and institutional factors (untrained and
unsupervised staff ).
Older people in hospital are also at risk of dehydration. El-
Sharkawy 2014 found that of 103 people aged at least 65 years
recruited on admission to hospital, 40% were dehydrated on ad-
mission and 44% were dehydrated 48 hours later. Dehydration
was assessed using serum osmolality measurements.
Suggested interventions to help prevent dehydration in older
adults living in care homes include education and involvement of
staff, use of social times, drinks carts and water jugs to support
drinking habits, encouraging relatives to offer residents drinks,
monitoring urine colour, drinking more in hot weather, being
aware of medications and health conditions that increase fluid re-
quirements, and providing specific support for those with swal-
lowing problems (Mentes 2006a; Water UK 2006). However,
many interventions have not been tested or were tested using
methodology with moderate risk of bias such as before-after stud-
ies (Robinson 2002) or provided equivocal results (Culp 2003;
Mentes 2003). A systematic review that aimed to “identify the fac-
tors that increase the risk of dehydration in older adults, how best
to assess the risk and manage oral fluid intake” concluded that few
data were available to answer these questions (Hodgkinson 2003).
A systematic review assessing the effectiveness of factors to reduce
the risk of dehydration in older people living in residential care has
recently been published and a further review, assessing the effec-
tiveness of interventions to support eating and drinking in those
with dementia is in process (Bunn 2014; Bunn 2015; Abdelhamid
2014). Perhaps the first stage in prevention of dehydration in older
people is recognising the condition when it occurs, so that is it
clear whether it is an institutional problem and if measures to re-
duce dehydration have been successful. In particular, recognising
early dehydration (impending dehydration) would enable early
intervention of preventive measures.
This systematic review focused on simple tests that may identify
water-loss dehydration as distinct from salt-loss dehydration or
volume depletion due to blood loss because it is likely that with
underlying differences in physiology and impact, there will be
differences in clinical symptoms, signs and tests.
Reference standard for dehydration
In the absence of a consensus definition or gold standard test of
dehydration, we used several reference standards for water-loss de-
hydration. There are several approaches in situations where a ref-
erence standard is imperfect, but generally involve creation of a
feasible reference standard (Reitsma 2009b). For dehydration due
to reduced fluid intake, feasible reference standards for initial as-
sessment of dehydration include raised serum or plasma osmolal-
ity, serum osmolarity or a large and rapid change in body mass
(McGee 1999).
Serum and plasma osmolality are often used as interchangeable
terms, but serum is missing fibrinogen which constitutes 4% of
the total protein, so will have a very slightly different osmolal-
ity. Serum and plasma osmolality have the clinical advantage in
that they can be assessed as a state or single measure (does not re-
quire prior knowledge or measurements), and because osmolality
is highly controlled by the body, any change suggests problems
in body biochemistry. Disadvantages are that if body fluids are
lost along with electrolytes (through loss of blood or diarrhoea)
then fluid may be lost without alteration of osmolality. However,
this review is concerned with reductions in body fluid relating
to conscious or unconscious reductions in fluid intake with or
without increased losses due to variables such as use of diuretics,
fever, diabetes insipidus, dysregulated diabetes mellitus, increased
perspiration, or hot dry surroundings. In such situations where
body fluids are lost overall, the response is likely to be increased
osmolality (Thomas 2008). Serum and plasma osmolality appear
to be useful markers of water-loss dehydration in the absence of
tracking over time (Cheuvront 2010), and so constitute the most
commonly used reference standard (Panel on Dietary Reference
Intakes 2004; Thomas 2008; Cheuvront 2013).
During the review process it was agreed that serum osmolarity
(which approximates serum osmolality but instead of being di-
rectly measured is calculated from the components of osmolality,
including serum sodium, potassium, urea and glucose) would be
used where serum or plasma osmolality (directly measured) was
not available.
Total body mass, or weight, is the sum of body fluid, fat, muscle,
organs and bone, and the weight of body fluid is difficult to disen-
tangle from total weight. However, fluid is the body component
with the ability to alter most quickly, so that a substantial change
in body weight over a short period of time will relate most directly
to fluid status (Cheuvront 2010; Shirreffs 2003). For this reason,
a reduction of ≥ 3% of body weight within seven days may be
considered to be a clear indication of dehydration, as would an in-
crease of ≥ 3% of body weight on rehydration within seven days.
This relies on more than one assessment, and the assessments need
to be accurate (for example, with weight measured nude and at the
same time each day) and account for issues such as constipation
or oedema (Cheuvront 2010).
TBW can be estimated by deuterium oxide dilution and therefore
change in TBW can be assessed over time (Schloerb 1950). A fall
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in body water of 2% or more could be considered to constitute
dehydration, however due to the variance in assessment of TBW
(1% to 2%), this will not be used as a reference standard. A single
measure of TBW has not been correlated with hydration status in
older people, so cannot be used as a reference standard on its own.
In summary, we accepted the use of the following reference stan-
dards for dehydration:
1. serum or plasma osmolality
2. serum or plasma osmolarity
3. change in body weight over seven days
Where more than one of these was available in any one study we
always used osmolality for preference, followed by osmolarity.
The target condition of primary interest was water-loss dehy-
dration, including impending or current water-loss dehydration
(serum osmolality ≥ 295 mOsm/kg).
Index test(s)
Protecting the health of older people, and preventing emergency
hospital admissions due to dehydration, requires early detection
and treatment in the community. Carers, residential home staff
and primary health care workers are in the position to facilitate
this early detection and treatment. While a biochemical assess-
ment may be the best state (one time) indicator of dehydration in
a clinical setting (Thomas 2008) these tests are not generally avail-
able in community, primary or residential care settings (Leibovitz
2007).
A systematic review of the diagnostic accuracy of physical signs
of hypovolaemia, which included studies published to late 1997,
found that in the few relevant studies there was limited evidence
that in older people with vomiting, diarrhoea or reduced fluid
intake that dry armpits (axilla) supported the diagnosis of hy-
povolaemia (positive likelihood ratio (PLR) 2.8, 95% CI 1.4 to
5.4), and moist mucous membranes or a tongue without furrows
supported lack of hypovolaemia (negative likelihood ratio (NLR)
for each 0.3, 95% CI 0.1 to 0.6). Capillary refill time and poor
skin turgor (elasticity) were not diagnostic (McGee 1999). A re-
cent Australian cohort study found that systolic blood pressure
drop on standing, sternal skin turgor, tongue dryness, and body
mass index were good indicators of early dehydration on hospital
admission. However, these factors were compared with physician
assessment of hydration status that may have included some or
all of these clinical signs (Vivanti 2008). A recent retrospective
case series of patients admitted to an emergency department in
Switzerland found that the most common symptoms of patients
with hypernatraemia (in over 50% of those presenting) were dis-
orientation, somnolence and recent falls (Arampatzis 2012).
Other state (one time) methods proposed to diagnose dehydration
include assessment of urine colour, urine specific gravity (USG),
saliva osmolality, tear osmolarity, urine volume, sunken eyes, rapid
pulse, postural pulse increment, severe postural dizziness, fluid bal-
ance charts, upper body weakness, bioelectrical impedance (BIA),
and checklists of risk factors (Cheuvront 2010; Eaton 1994; Fortes
2011a; Gross 1992; Mentes 2006a; Mentes 2006b; Schut 2005;
Thomas 2008; Vivanti 2008; Walsh 2004a; Walsh 2004b). A sys-
tematic review that searched literature to 1995 found that early di-
agnosis of dehydration in older adults can be difficult because “the
classical physical signs of dehydrationmay be absent or misleading
in an older patient” suggesting that even index tests established in
younger people cannot be assumed to be useful in older people
(Weinberg 1995). Although some tests are probably not useful in
older people, others may indicate dehydration risk, early stages of
dehydration, or current dehydration. It is likely that a portfolio of
assessments would be needed to usefully assess stage and type of
dehydration among people in residential care without indicating
that all residents are at high risk (Wotton 2008).
Alternative test(s)
There are a variety of recommendations for tests used in clinical
practice to assess dehydration, and many of those used in assessing
dehydration in older people appear to be based on those used and
validated in children or healthy young athletes, without further
assessment. There are no existing validated simple assessments of
dehydration in older people.
Despite this, on informal enquiry health and social care work-
ers often report using simple clinical symptoms, signs and tests
(often tongue furrows, dry mouth, urine colour, capillary refill
or skin turgor) or non-invasive tests requiring some technology
(such as USG, change in blood pressure on standing or bioelec-
trical impedance) to screen older people for dehydration. Articles
and websites teach or exhort health and social care professionals
and the public to use and rely on these tests (Allison 2005; NHS
2013; Rushing 2009; WebMD 2014; Wedro 2014). As these tests
appear to be commonly used it is important to check that they are
providing accurate information.
Rationale
Currently available evidence on water-loss dehydration in older
people is inconsistent. It is vital both for the health and well-being
of older people and to reduce unplanned emergency hospital ad-
missions, that the risk of water-loss dehydration is reduced, meth-
ods of assessing dehydration risk are developed, impending dehy-
dration in older people in the community and residential care are
recognised, and early referral for diagnosis and treatment is car-
ried out where appropriate. The US report on Dietary Reference
Values for water intake states that development of “simple non-
or minimally invasive indexes of body dehydration status” is a key
research need (Panel on Dietary Reference Intakes 2004). A valid,
simple and non-invasive screening test for dehydration for older
adults in the community would better enable:
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• identification of older adults with impending water-loss
dehydration so that measures can be taken to improve fluid
status;
• monitoring progress of such older people;
• identification of older adults with likely current water-loss
dehydration so that further testing or rapid medical support or
both can be provided;
• identification of settings/populations where there is a high
risk of dehydration so that public health measures to improve
hydration may be taken; and
• assessment of effects of interventions to improve hydration
in individuals and populations.
O B J E C T I V E S
To determine the diagnostic accuracy of state (one time), min-
imally invasive clinical symptoms, signs and tests to be used as
screening tests for detecting water-loss dehydration in older people
by systematically reviewing studies that have measured a reference
standard and at least one index test in people aged 65 years and
over. Water-loss dehydration was defined primarily as including
everyone with either impending or current water-loss dehydration
(including all those with serum osmolality ≥ 295 mOsm/kg as
being dehydrated).
Secondary objectives
1. To assess the effect of different cut-offs of index test results
assessed using continuous data on sensitivity and specificity in
diagnosis of water-loss dehydration.
2. To identify clinical symptoms, signs and tests that may be
used in screening for water-loss dehydration in older people.
3. To identify clinical symptoms, signs and tests that are not
useful in screening for water-loss dehydration in older people.
4. To assess clinical symptoms, signs and tests of current
dehydration (including all those with serum osmolality > 300
mOsm/kg).
5. To assess clinical symptoms, signs and tests of impending
dehydration (including all those with serum osmolality 295 to
300 mOsm/kg).
6. To directly compare promising index tests (sensitivity ≥
0.60 and specificity ≥ 0.75) where two or more are measured in
a single study (direct comparison).
7. To carry out an exploratory analysis to assess the value of
combining the best three index tests where the three tests each
have some predictive ability of their own, and individual studies
include participants who had all three tests.
Investigation of sources of heterogeneity
We planned to explore sources of heterogeneity in the diagnostic
accuracy of those individual clinical symptoms, signs and tests that
showed some evidence of discrimination. Heterogeneity was to be
explored according to the reference standard used, cut-off value
for tests providing continuous data, type of participants (commu-
nity-dwelling older people, those in residential care, and those in
hospital), sex, and baseline prevalence of dehydration (Leeflang
2013).
M E T H O D S
Criteria for considering studies for this review
Types of studies
Diagnostic studies that compared an index test with a reference
standard for water-loss dehydration in older people were included.
We also considered cohort and cross-sectional studies that had
not analysed diagnostic accuracy, but where at least one reference
standard and at least one index test were measured in at least 10
participants aged 65 years or over andwith at least two participants
with water-loss dehydration and at least two participants without
water-loss dehydration. These studies were included where the
authors were able to provide a relevant 2 x 2 table comparing a
reference with an index test, or a dataset from which relevant 2
x 2 tables could be calculated. Where we had access to the full
study dataset we excluded any participants who did not receive
both the index test and the reference standard. We attempted to
access the full datasets (such as Excel spreadsheets or SPSS files)
of all included studies.
Participants
People aged 65 years and over who were hospitalised, living in the
community, or in institutions, in a developed country were in-
cluded. Participants could not have kidney failure, cardiac (heart)
failure, had not recently been prepared for surgery or undergone
surgery, but may have had other chronic or acute illnesses, such
as stroke, fracture, diabetes or infection. For mixed populations of
older people that included participants aged under 65 years, we
excluded participants aged less than 65 years where we had access
to the full dataset; but, where only summary data were available,
the study was only included where the proportion of those under
65 years was less than 10%. In the same way, when using pub-
lished data we excluded studies with more than 10% of partici-
pants having one or more of the following: kidney failure, cardiac
failure or a recent operation; and when using full study datasets,
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participants diagnosed with any of these conditions (according to
individual study criteria) were excluded from analysis.
Index tests
Single clinical symptoms, signs and tests or a portfolio of symp-
toms, signs and/or tests and/or a checklist. Prespecified potential
index tests for dehydration included dry axilla and other mark-
ers of transepidermal water loss; dry mucous membranes; dry or
furrowed tongue; extended capillary refill time and measures of
skin blood flow; poor sternal skin turgor; systolic blood pressure
drop on standing; urine colour; USG; saliva osmolality; urine vol-
ume; sunken eyes; rapid pulse; postural pulse increment; postu-
ral dizziness; fluid balance charts; thirst; bad taste in the mouth;
upper body weakness; measures of thermoregulation; bioelectrical
impedance analysis (BIA); and checklists of risk factors. Index tests
that appeared appropriate and so were included during the review
process included drink and fluid intake; number of urine voids;
urine osmolality; tear osmolality; tear volume or symptoms of dry
eyes; saliva volume; cognitive and consciousness levels; feelings of
tiredness or dullness; enjoyment of food and appetite; need for
iv or thickened fluids and presence of blue lips. These index tests
were included regardless of the definition of test positivity or cut-
off chosen (and these sometimes did vary between studies).
BIA assesses electrical impedance through the body (commonly
from the fingers to the toes) and is often used to estimate body fat.
Equipment is portable and fairly easy to use, and some types of BIA
are theoretically able to assess TBW. BIA is in use in some areas in
assessing hydration status of older people (especially those living
in residential care). Different measurements can be made, includ-
ing resistance (the resistance of the extracellular path through the
body) and multi-frequency machines use take measurements at
several different electrical frequencies. BIAmachines may produce
raw data on resistance and impedance, or use internal functions
(incorporating information such as participant height, weight and
age) to automatically calculate TBW and the extracellular water
(ECW) and intracellular water (ICW) components.
Comparator tests
There is no existing comparator test.
Target conditions
Water-loss dehydration (including people with either impending
or current water-loss dehydration, anyone with a serum osmolality
of≥ 295mOsm/kg) was the primary target condition. Impending
water-loss dehydration (serum osmolality 295 to 300 mOsm/kg)
and current water-loss dehydration (> 300 mOsm/kg), treated as
two separate conditions, were planned as secondary target condi-
tions.
Reference standards
Studies that used one of our reference standards for water-loss
dehydration, ordered in terms of their importance to make best
use of the reference standard better able to represent water-loss
dehydration in frail older people, were included. The primary
standard was raised plasma or serum osmolality, followed by serum
osmolarity, then body mass (weight) change.
We have referred to those with either impending (serum osmo-
lality 295 to 300 mOsm/kg) or current (serum osmolality > 300
mOsm/kg) dehydration as having water-loss dehydration. Having
water loss dehydration (having either impending or current dehy-
dration, serum osmolality ≥ 295 mOsm/kg) has been contrasted
with being euhydrated (serum osmolality 275 to < 295 mOsm/
kg) as our primary target condition.
The secondary target condition was current dehydration (serum
osmolality > 300 mOsm/kg) compared with euhydration or im-
pending dehydration (serum osmolality 275 to 300 mOsm/kg).
We intended to assess another secondary target condition, im-
pending dehydration alone (serum osmolality 295 to 300 mOsm/
kg) compared to euhydration (serum osmolality 275 to < 295
mOsm/kg), but these analyses were not carried out.
Serum or plasma osmolality
• The primary target condition, water-loss dehydration,
included all those with serum or plasma osmolality of 295
mOsm/kg or greater (people with either impending or current
dehydration)
• Serum or plasma osmolality of 295 to 300 mOsmol/kg
suggested impending water-loss dehydration
• Serum or plasma osmolality > 300 mOsmol/kg suggested
current dehydration.
Serum osmolarity
We planned to use serum and plasma osmolality in the protocol,
but during the review process it was decided to include serum
osmolarity as a reference standard as it is an estimate of serum
osmolality. Serum osmolarity is calculated from serum sodium,
potassium, glucose and urea, rather than being directly measured.
The exact formula used to calculate serum osmolarity has been
noted for each study, and the cut-offs used are the same as the cut-
offs for serum osmolality.
Body mass (weight) change
Weight change could be naturally occurring or follow encourage-
ment to limit fluid intake for a period, but could not result from
unusual levels of exercise or saunas (because these may result in
dehydration that is metabolically distinct from naturally occur-
ring dehydration). Weight change was included where a baseline
weight was measured and re-weighing occurred within seven days
(and no surgery had occurred within that period).
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• We defined impending dehydration as a reduction of 3% to
5% of body weight within seven days or less, or an increase of
3% to 5% of body weight within seven days as an indication that
a person was dehydrated before rehydration
• Current dehydration corresponded to changes of more than
5% of body weight
• Weight change over a period less than seven days was not
multiplied up to the seven day equivalent.
Search methods for identification of studies
Search methods used were based on guidelines for Cochrane di-
agnostic test accuracy reviews (de Vet 2008).
Electronic searches
Searches were run in MEDLINE (OvidSP), EMBASE (OvidSP)
and CINAHL from inception until 29 April 2013. The Database
of Reviews of Effectiveness (DARE) and Health Technology As-
sessment (HTA) databases were searched viaThe Cochrane Library
for any relevant non-Cochrane reviews using a strategy adapted
from the MEDLINE strategy. The International Clinical Trials
Registry Platform (ICTRP)was searched for ongoing studies using
keywords derived from this search strategy. We sought assistance
from the Cochrane Kidney and Transplant Trials Search Co-or-
dinator to search the Cochrane Register of Diagnostic Test Accuracy
Studies for further relevant studies. Searches for these databases
were run in April 2013. No limits as to language or publication
type were applied and no diagnostic methodology search filters
were employed as these appear unhelpful in reducing sensitivity
(de Vet 2008; Whiting 2011).
Searching other resources
Reference lists of included studies and identified relevant reviews
were checked. Authors of included studies were contacted for de-
tails of further relevant studies.
Data collection and analysis
Selection of studies
Titles and abstracts were scanned and all potentially relevant stud-
ies obtained in full text. Full text articles in languages other than
English were translated. Study inclusion eligibility was assessed
independently in duplicate, and disagreements resolved by a third
author. We wrote to authors of all studies that appeared to have
collected data on at least one reference standard and at least one
index test, and in at least 10 people aged 65 years and over, even
where no comparative analysis has been published, requesting ei-
ther that the original authors supply the relevant 2 x 2 table or the
original dataset so that we could create 2 x 2 tables. The latter was
preferable because it enabled the review authors to remove data
relating to any participants aged under 65 years, or with heart fail-
ure or kidney disease, and provided the potential to explore effects
of different cut points for index tests that provided continuous
data. We also wrote to authors who had published data in relevant
participants including either index or reference standard data, to
ask whether relevant reference standard or index data had been
collected.
Data extraction and management
A data extraction form, including validity criteria, was developed
for the review and tested by all data extractors (LH, AA, NA,
AC, DG, AH, SR, AS, SW) on two or three included studies.
We collected age, gender, health, functional status, and level of
independence data for participants, as well as how each test was
performed and assessed, timing of each test including how far apart
in time the different tests were taken, and at what time of day. The
data extraction formwas refined (with definitions and explanations
added as required by the team) and then data extractionwas carried
out in duplicate for each included study. Authors who extracted
data conferred to agree on a final data extraction and validity
assessment for the review.Where items required for data extraction
or validity assessment were designated as unclear, original study
investigators were contacted to obtain further details.
Where complete datasets for included studies were sought from
original investigators, we requested data on sex, age, and presence
or absence of diseases such as kidney and heart failure as well as
results of our index tests and reference standards. In processing the
study datasets, we ensured that details of each component of the
dataset was understood (the timing of tests, units, serum or uri-
nary measures and so forth) by analysing the publication and from
contact with original investigators. The dataset was then cleaned
by removing data of participants aged less than 65 years; those with
kidney failure, heart failure, or oedema; or who were perioperative
or postoperative; and participants who had no reference standard
data or with serum osmolality < 275 mOsm/kg. The process, in-
cluding losses of participants, was logged. This final dataset for
each included study was used to complete tables of characteristics
and validity.
We constructed 2 x 2 tables (no dehydration versus water-loss de-
hydration) for each index test, one table for each dichotomous in-
dex test for each study, and three tables per continuous index test
(one table for each of three cut-off points). The three pre-speci-
fied cut-off points for continuous index tests were consistent for
all studies measuring that index test, and based on recommended
cut-offs in the literature (ideally), reference ranges (where recom-
mended cut-offs are not available) or were data driven (Table 1).
Data driven cut points were set as the median in the dataset, plus
a value higher than the median and lower than the median. The
higher cut point was chosen as the point midway between the
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median and highest value present in the dataset, and the lower
cut point as the point midway between the median and the low-
est value present. Before analyses were finalised the proposed cut-
offs for each included index test were circulated around the review
authors for comments (without the results of any of the analyses)
and the cut-offs for several index tests were adjusted according to
suggested references and accepted levels (details for each cut-off
found in Table 1).
Once the cut-offs were finalised we calculated sensitivity, speci-
ficity, positive and negative predictive values (PPV andNPV), pos-
itive and NLRs (PLR and NLR) and diagnostic odds ratio (DOR)
for each 2 x 2 table.
Assessment of methodological quality
Assessment of methodological quality was carried out indepen-
dently in duplicate as part of data extraction. It was based on
the characteristics suggested by QUADAS (the first version), and
reflected in the RevMan 5.3 program (Reitsma 2009a; Whiting
2006). Additionally, we recorded whether the study was free of
commercial funding. The qualities assessed are described in fur-
ther detail in Appendix 2.
Statistical analysis and data synthesis
Analyses were performed according to descriptions in theCochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (
Macaskill 2010). Diagnostic accuracy of each clinical symptom,
sign and test was assessed against the best available reference stan-
dard for water-loss dehydration (ideally assessed using serum os-
molality, but serum osmolarity or weight change where osmolality
was not available) within each study.
The main analysis for each index test assessed ability to diagnose
water-loss dehydration (no dehydration versus impending or cur-
rent dehydration, serum osmolality ≥ 295 mOsm/kg). For each
index test we also assessed ability to diagnose current dehydration
(no or impending dehydration versus current dehydration, serum
osmolality > 300 mOsm/kg), a secondary target condition. It was
planned that we would also analyse no dehydration versus im-
pending dehydration alone (serum osmolality 295 to 300 mOsm/
kg, omitting data for those with current dehydration), but as the
number of analyses in the review was so high, and the data in each
study already limited, this was abandoned.
Individual study data for each index test were presented in forest
plots of sensitivity and specificity and in receiver operating charac-
teristic (ROC) space, subgrouped by cut-off for continuous index
tests.
We conducted bivariate random-effects meta-analyses in Stata/
IC (StataCorp) using metandi for index tests where there were
at least four studies or datasets on a single index test and the
studies all shared a cut-off for test positivity, so that datasets could
be pooled (Reitsma 2005) to construct sensitivity and specificity
summary estimates, and summary ROC curves. We assigned the
same approach for index tests with continuous outcome data for
each of the three cut-off points investigated. Where meta-analyses
would not run in STATA we increased the number of integration
points, until the meta-analysis would run (Table 2). We planned
that covariates would be incorporated into the bivariate model
to examine the effects of factors that may have been responsible
for heterogeneity, however as the number of studies for each test
was limited (eight studies were available for one test, dry mouth,
but most tests included in the meta-analyses had only four useful
datasets) this was felt to be inappropriate, having limited power.
The principal aim of this review was to identify the potential use-
fulness of index tests to identify or rule out water-loss dehydra-
tion (impending or current dehydration). Because the index tests
may be used to screen for dehydration in populations with little
or no current screening, but among whom there are likely to be
high levels of dehydration, initial tools needed to be quite specific.
This will help to limit numbers of false positive results that may
discredit future time spent in responding to positive results. Any
level of sensitivity would be an improvement on the current lack of
ability to detect most episodes of dehydration in the community,
but clearly, the higher the sensitivity the better, while maintain-
ing high specificity. We suggested in the protocol that minimum
specificity of a useful test would be 75%, andminimum sensitivity
would be 60% for either impending or current dehydration. These
levels were used as standards against which the utility of minimally
invasive clinical symptoms, signs and tests were assessed.
We directly compared index tests that fulfilled theminimum crite-
ria of sensitivity ≥ 60% and specificity≥ 75% where two or more
were measured in a single study (direct comparison). We planned
that the tests would be compared at their best cut-off point, that is,
the point that provided the best discrimination, its threshold near-
est to the upper left quadrant of the ROC curve. We also planned
bivariate meta-regression to explore including a binary covariate
for index test to understand whether the expected sensitivity and
specificity or both differed between index tests (Macaskill 2010).
For the review we had to pre-specify three cut-offs for each test
with a continuousmeasure (as above). As this is an areawhere there
is little previously published research the danger was that we chose
unhelpful cut-offs and missed a cut-off with useful sensitivity and
specificity. For this reasonwe carried out post-hoc analyses to create
more detailed ROC curves where there appeared some possibility
from the completed analyses that a cut-point with sensitivity ≥
60% and specificity ≥ 75% may exist (between two pre-specified
cut-offs or below or above the cut-offs tested). These analyses
were presented so that we could assess which tests may be worth
testing in further research (as the cut-offs were not pre-specified
we cannot derive conclusions from them, but they may be useful
in driving future primary research). Interpretation of ROC plots
involves assessment of how close to the top left-hand corner the
curve runs (the closer to this corner, the higher the sensitivity and
specificity). A straight line running from the bottom left to top
10Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
right corners is the line of no effect (indicating an absence of any
diagnostic accuracy). Useful diagnostic accuracy (pre-specified as
sensitivity of≥ 60% and specificity of ≥ 75%) is indicated by the
curve entering the rectangle outlined in grey in the top left hand
corner of the plot.
An exploratory analysis assessed the value of combining the best
three index tests where each had some individual predictive abil-
ity, as combining several slightly useful tests may result in a more
useful test. As these are simple tests it would be realistic to carry
out two or three of them as a screening test for dehydration in
the clinical or social care context. We were only able to assess the
diagnostic accuracy of combined tests where an individual study
included participants who had all of the best index tests. As we had
access to individual participant data for the study that included
two potentially useful tests (expressing fatigue and missing drinks
between meals; Kajii 2006), we were able to assess diagnostic ac-
curacy where individuals had positive results from both tests, and
where individuals had positive results from either test.
Investigations of heterogeneity
Heterogeneity was examined by considering study characteristics,
visual inspection of forest plots of sensitivities and specificities,
and examining ROC curves of raw data. Heterogeneity due to dif-
ferent cut-off values for each index test were examined by compar-
ing results of the bivariate random-effects meta-analyses at each
cut-off point. It was planned that we would assess the effects
of reference standard type (serum osmolality, serum osmolarity
or weight change), participant type (community-dwelling older
people, those in residential care or in hospital), sex, and baseline
prevalence of dehydration were assessed (Leeflang 2009). How-
ever, given the small number of studies that assessed each test, this
was not considered appropriate. Most were study-level variables,
but for mixed sex studies where we had the full study dataset, we
planned to produced separate 2 x 2 tables for men and women to
enable more complete analysis - this was not carried out because
most studies included few participants and further subdivision
would lead to little gain in information.
Sensitivity analyses
We planned to assess the effect of four quality items: acceptable
delay between tests; incorporation avoided; partial verification
avoided; and withdrawals explained; on the results by using each
quality assessment item as a covariate in bivariate regression. These
four items were chosen for sensitivity analyses because they were
not explored within the investigations of heterogeneity and were
potentially troublesome even though we had access to full datasets
for most included studies. However, given the small number of
included studies for each test this bivariate regression was consid-
ered inappropriate.
Assessment of reporting bias
As there were so few studies reporting any single index test it was
not possible to formally assess the extent of reporting bias in the
included studies.
R E S U L T S
Results of the search
The final searches were run in April 2013 (for MEDLINE, EM-
BASE and CINAHL) (Figure 1). After duplicates were removed
from the 6888 records retrieved, 205 records were identified as
possibly being relevant, and the full texts of these articles were
assessed. Of these, 78 were found not to be relevant to this review.
The remaining 134 articles related to 121 studies. We attempted
to contact study authors to obtain further information, including
whether relevant reference test or index test data were available,
and if so, seeking datasets for inclusion in this review. As a result
of this process we excluded 90 studies, leaving 24 studies for in-
clusion in the review. We also identified five ongoing studies (two
through database searching, and three through contact with au-
thors). Two further potentially relevant studies were identified in
a non-systematic way after submission of this review for publica-
tion, and have not yet been formally assessed for inclusion, but will
be assessed for inclusion at the first update of this review (Studies
awaiting classification).
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Figure 1. Study flow diagram
Three studies were included using only data from study publica-
tions (Allison 2005; Eaton 1994; Shimizu 2012), and although
we tried to contact authors for further details and the full dataset,
no additional data were received. We obtained 21 full datasets
from study authors for inclusion in the review (Bossingham 2005;
Chassagne 2006; Culp 2003; Fletcher 1999; Fortes 2011; Gaspar
2011a; Johnson 2003; Kafri 2013; Kajii 2006; Lindner 2009;
Mack 1994; McGarvey 2010; Monahan 2006; Powers 2012;
Rowat 2011; Source Study 2000; Stookey 2005; Stotts 2009;
Perren 2011; Sjöstrand ED 2013; Sjöstrand Healthy 2013). None
of these studies could have been included without obtaining these
additional data.
We included 24 studies (3412 participants) that ranged in size
from 10 to 1947 participants (see Characteristics of included
studies). Participants were living in the community (7 studies,
2116 people), residential care (5 studies, 850 people), hospital
(11 studies, 418 people) and mixed settings (1 study, 28 people
from residential care and hospital settings). Among the included
studies, 13 used serum osmolality (measured directly) as the ref-
erence standard; seven used serum osmolarity (calculated); three
used weight change and one used a combination of serum osmo-
lality and raised serum urea/creatinine ratio.
There was a wide variety of index tests among the included stud-
ies. Of these index tests, at least four studies (making meta-anal-
ysis realistic) provided data on: fluid intake, urine volume, fluid
balance, USG, urine colour, urine osmolality, heart rate, BIA re-
sistance at 50 kHz, BIA TBW, ECW and ICW as percentages of
body weight, dry mouth and feeling thirsty. The 21 studies that
contributed data for these endpoints are included in the meta-
analyses (Allison 2005; Bossingham 2005; Chassagne 2006; Culp
2003; Fletcher 1999; Gaspar 2011a; Johnson 2003; Kafri 2013;
Kajii 2006; Lindner 2009; Mack 1994; McGarvey 2010; Perren
2011; Powers 2012; Rowat 2011; Sjöstrand ED 2013; Sjöstrand
Healthy 2013; Source Study 2000; Stookey 2005; Stotts 2009;
Shimizu 2012).
Methodological quality of included studies
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The methodological quality of included studies is set out in
Characteristics of included studies, and summarised in Figure 2.
Representative spectrum assessed whether participants were older
people living in the community independently or in care, and
whether there was consecutive or random recruitment. We as-
sessed six studies at low risk of bias (included older people living
in the community and recruitment was consecutive or random),
13 were at high risk of bias (so participants were not living in the
community or recruitment was neither consecutive nor random),
and risk of bias was unclear in five studies.
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Figure 2. Methodological quality summary: review authors’ judgements about each methodological quality
item for each included study.
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We assessed that 13/24 included studies had a low risk reference
standard (serum or plasma osmolality directly observed).
Delay between index and reference standard tests is of particular
importance in dehydration; hydration status can alter over the
course of a fewhours. For this reasonour standard for goodpractice
was that the delay between the index and reference standard tests
would be two hours or less. We found that 11 studies were at low
risk from delay between tests (less than two hours between at least
90% of index and reference standard tests); five were at high risk,
and risk was unclear in eight studies.
We found that 17 studies were at low risk from partial verification
(prospective studies where all participants received both index and
reference standard tests); five were at high risk; and two were un-
clear risk. To be considered at low risk of bias from partial verifica-
tion a study had to be prospective (so that the reference standard
test was planned, and not delivered on the basis of other findings,
that may include the results of the index tests) (de Groot 2011).
Our assessment found that 23 studies were at low risk from dif-
ferential verification (studies at low risk used the same reference
standard in all participants); one was unclear. Furthermore, 22
studies were at low risk of incorporation of index tests into the
reference standard, and two were at high risk. There were 20 stud-
ies that had reference standard results interpreted blind to index
test results, so were at low risk of reference standard results being
interpreted according to the index test results; one was at high risk
and three at unclear risk. There were 18 studies at low risk from
index test results being interpreted according to reference standard
test results; six were unclear. We found that 22 studies (including
all of those where a dataset was provided) were at low risk of in-
terpreting index or reference tests with reference to other relevant
clinical data; two were unclear. We identified that 19 studies were
at low risk of uninterpretable test results being a problem; five were
at unclear risk. There were 18 studies at low risk of unexplained
withdrawals, three at high risk and three at unclear risk. Lastly, 16
studies were at low risk of commercial funding biasing reporting
of the study, five were at high risk and three at unclear risk.
Findings
Adequate sensitivity and specificity for water-loss
dehydration (including people with impending or current
dehydration, serum osmolality ≥ 295 mOsm/kg)
Sensitivity was defined as the percentage of dehydrated people
who are correctly identified as having the condition by the index
test, and specificity the percentage of euhydrated people who were
correctly identified by the index test as not being dehydrated.
The positive predictive value (PPV) is the probability that with
a positive index test result, the person is truly dehydrated, and
the negative predictive value (NPV) is the probability that with a
negative index test result, the person is truly euhydrated.
A ROC curve is a graph that shows how well a continuous index
test predicts dehydration (as measured by the reference standard)
as the cut-off of the index test varies. For a clear introduction to
the concepts of sensitivity, specificity, likelihood ratios and other
measures, and interpretation of ROC plots see Linnet 2012.
The sensitivity and specificity of each index test for each included
study at each pre-specified cut-off are presented in forest plots of
sensitivity and specificity in the data tables. Furthermore, data on
PPV, NPV, PLR andNLR, pre- and post-test probabilities are pre-
sented in Table 3. Of the 152 cut-offs tested for 68 possible index
tests only three showed sensitivity of at least 60% and specificity
of at least 75%. These potentially useful index tests were missing
drinks between meals (sensitivity 1.00 (95% CI 0.59 to 1.00);
specificity 0.77 (95% CI 0.64 to 0.86) in 71 people) and express-
ing fatigue (sensitivity 0.71 (95%CI 0.29 to 0.96); specificity 0.75
(95% CI 0.63 to 0.85) in 71 people, each assessed in Kajii 2006)
and BIA resistance at 50 kHz with a cut-off of ≥ 450 ohm. Two
other studies (Sjöstrand ED 2013; Sjöstrand Healthy 2013) also
assessed fatigue but did not show this level of diagnostic accuracy
(with sensitivities of 0.42 (95% CI 0.23 to 0.63) and 0.30 (95%
CI 0.07 to 0.65) and specificities of 0.80 (95% CI 0.28 to 0.99)
and 1.00 (95% CI 0.29 to 1.00) in 31 and 13 people respectively).
BIA resistance at 50 kHz was assessed in four studies but showed
the appropriate specificity and sensitivity in only two (sensitivities
1.00 (95% CI 0.48 to 1.00) and 0.71 (95% CI 0.44 to 0.90) and
specificities of 1.00 (95%CI 0.69 to 1.00) and 0.80 (95%CI 0.28
to 0.99) in 15 and 22 people respectively for Allison 2005 and
Powers 2012, but with sensitivities of 0.54 (95% CI 0.25 to 0.81)
and 0.69 (95% CI 0.56 to 0.79) and specificities of 0.50 (95%
CI 0.16 to 0.84) and 0.19 (95% CI 0.17 to 0.21) in 21 and 1947
people respectively in Kafri 2013 and Stookey 2005).
Kajii 2006 included 71 frail elderly Japanese people living at home,
mean age 76 years, 63% women. The reference standard used was
serum osmolality (directly measured) and all other methodologi-
cal quality indicators where high (indicating low risk of bias) ex-
cept that it was unclear whether recruitment (which took place
from a community centre) was consecutive or random. This study
provides high quality evidence of the diagnostic utility of missing
drinks between meals and of expressing fatigue; however, missing
drinks between meals has not been tested in any other studies.
Missing drinks between meals was assessed by participants being
asked how much water they drank between breakfast and lunch,
between lunch and dinner, and between dinner and next breakfast,
they were scored as missing drinks between meals if they answered
“none” to any of these questions. Fatigue was assessed in the answer
to the question “do you feel fatigue?” (yes or no were allowed as
answers).
Expressing fatigue was tested in two further studies (Sjöstrand
ED 2013; Sjöstrand Healthy 2013). Sjöstrand Healthy 2013 re-
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cruited 13 elderly volunteers from Sweden, mean age 81 years,
54% women. Sjöstrand ED 2013 included 40 elderly people at-
tending the emergency department of a tertiary care centre in Swe-
den, mean age 84 years, 58% women. The reference standard for
both studies was serum osmolality (directly measured), and again,
all other methodological quality indicators were met (indicating
low risk of bias) except for representative spectrum. This was be-
cause it was unclear whether consecutive or random recruitment
took place in either study, and the emergency department-based
study did not recruit from the community.
We identified four studies that assessed BIA resistance at 50 kHz;
their validity was more variable. The reference standard was serum
osmolality (directly measured) for Kafri 2013 and Stookey 2005,
serum osmolarity (calculated) for Allison 2005 and Powers 2012.
Validity concerns for the Allison 2005 study included that only
22/1225 care home residents discussed (age and gender balance
not reported) were represented in the data (without explanation),
partial verification appeared to be a problem (in that not everyone
receiving the index tests also received the reference standard; de
Groot 2011), there appeared to be a delay of up to three months
between the reference standard and index tests (a problem in a
condition as fast-changing as dehydration), and that it did not
appear free of commercial funding.
Powers 2012 (which also suggested appropriate sensitivity and
specificity for BIA resistance at 50 kHz) included 22 USA geri-
atric facility inpatients and outpatients, mean age 79 years, 64%
women. For this study all reference and index tests were conducted
on the same day, partial verification was not dealt with, with-
drawals were explained, and the study appeared free of commercial
funding.
Kafri 2013 included 21 people hospitalised following a stroke in
the UK, mean age 78 years, 35% women. All reference and index
tests were conducted on the same day, although not always within
two hours, partial verification was not a problem, withdrawals
were explained, and the study was partly funded by the European
Hydration Institute.
Stookey 2005 included 1947 older people as part of a nation-
ally representative USA sample (National Health and Nutrition
Examination Survey or NHANES), mean age 75 years, 51%
women. The index and reference standardwere carried out at a sin-
gle interview, partial verification was not a problem, withdrawals
were explained and the study was free of commercial funding.
While there is an indication of some level of diagnostic accuracy
for BIA resistance at 50 kHz this was not confirmed by the largest
and highest validity study, Stookey 2005. Potential sources of het-
erogeneity among studies, aside from validity, included differing
baseline prevalence of dehydration (varying from 4% in Stookey
2005 to 77% in Powers 2012, effect of prevalence discussed in
Leeflang 2013) and general health (the studies included the gen-
eral public, care home residents, geriatric unit inpatients and out-
patients and people in hospital following a stroke).
We planned to explore sources of heterogeneity of diagnostic ac-
curacy of individual clinical symptoms, signs and tests that show
some evidence of discrimination by the reference standard used,
cut-off value for tests providing continuous data, type of partici-
pants (community-dwelling older people, those in residential care,
and those in hospital), sex, and baseline prevalence of dehydration,
however there were no groups of studies with appropriate levels of
accuracy within which to explore any heterogeneity.
Because a study was published during the conduct of this review
that suggested body weight fluctuations of over 3% in well hy-
drated hospitalised elderly patients (Vivanti 2013) we questioned
the validity of weight change as a reference standard. For this rea-
son we examined the diagnostic accuracy of the tests reported by
the three studies that used weight change as a reference standard
(McGarvey 2010; Monahan 2006; Perren 2011). Where these
clinical symptoms, signs and tests were assessed by more than one
study in no case did the study using weight change as the reference
standard stand out in suggesting dramatically better or worse di-
agnostic accuracy. Being unable to spit was the only test examined
only in a study using weight change as the reference standard -
this did not suggest any useful diagnostic accuracy, but should be
re-checked against serum osmolality.
Meta-analyses were conducted for tests with at least four studies
contributing data. These tests were fluid intake, urine volume,
fluid balance, USG, urine colour, urine osmolality, heart rate, BIA
resistance at 50 kHz, TBW, ICWand ECWas percentages of body
weight, dry mouth and thirst (Table 2). For no meta-analyses and
no cut-offs were the point estimates of the sensitivity ≥ 60% and
specificity≥ 75%. The most encouraging was a meta-analysis run
for BIA resistance at 50 kHz with a cut-off of ≥450 ohm, sug-
gesting a sensitivity of 73% (57% to 84%) and specificity of 70%
(18% to 96%). As with all the meta-analysis results the confidence
intervals were very wide reflecting small studies and heterogeneity
in results.
ROC plots for water-loss dehydration (serum osmolality ≥
295 mOsm/kg or equivalent); post-hoc analyses
Data for several index tests suggested that there was a potential
cut-off with sufficient sensitivity and specificity if we used higher,
lower or intermediate cut-offs, so these post-hoc analyses were car-
ried out, and ROC plots shown, for drinks and fluid intake (Figure
3), USG and colour (Figure 4), urine osmolality and output vol-
ume (Figure 5), signs including axillial moisture, body tempera-
ture and skin turgor, and BIA resistance at 50 kHz (Figure 6), and
BIA assessments of TBW, ECW and ICW as percentages of body
weight (Figure 7). Most of these are shown for both impending
and current dehydration, but to limit the number of figures the
ROC plot for current dehydration was not shown for ECW or
ICW (no point on either ROC curve fulfilled our criteria of ≥
60% sensitivity and ≥ 75% specificity).
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Figure 3. ROC plots for drinks intake and fluid intake, for impending and for current dehydration. Better
diagnostic accuracy (with sensitivity of at least 60% and specificity of at least 85%) is represented by a line
falling within the grey-outlined oblong in the top left hand corner of each plot. For a clear introduction to the
concepts of sensitivity, specificity, likelihood ratios and other measures, and interpretation of ROC plots see
Linnet 2012 (downloadable from
http://www.clinchem.org/content/early/2012/07/13/clinchem.2012.182543.full.pdf).
17Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
Figure 4. ROC plots for urine specific gravity and urine colour, for impending and for current dehydration.
Better diagnostic accuracy (with sensitivity of at least 60% and specificity of at least 85%) is represented by a
line falling within the grey-outlined oblong in the top left hand corner of each plot. For a clear introduction to
the concepts of sensitivity, specificity, likelihood ratios and other measures, and interpretation of ROC plots
see Linnet 2012 (downloadable from
http://www.clinchem.org/content/early/2012/07/13/clinchem.2012.182543.full.pdf).
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Figure 5. ROC plots for urine osmolality and urine output, for impending and for current dehydration.
Better diagnostic accuracy (with sensitivity of at least 60% and specificity of at least 85%) is represented by a
line falling within the grey-outlined oblong in the top left hand corner of each plot. For a clear introduction to
the concepts of sensitivity, specificity, likelihood ratios and other measures, and interpretation of ROC plots
see Linnet 2012 (downloadable from
http://www.clinchem.org/content/early/2012/07/13/clinchem.2012.182543.full.pdf).
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Figure 6. ROC plots for tests of dehydration and BIA resistance at 50kHz, for impending and for current
dehydration. Better diagnostic accuracy (with sensitivity of at least 60% and specificity of at least 85%) is
represented by a line falling within the grey-outlined oblong in the top left hand corner of each plot. For a clear
introduction to the concepts of sensitivity, specificity, likelihood ratios and other measures, and interpretation
of ROC plots see Linnet 2012 (downloadable from
http://www.clinchem.org/content/early/2012/07/13/clinchem.2012.182543.full.pdf).
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Figure 7. ROC plots for BIA total body water (TBW), intra-cellular water (ICW) and extra-cellular water
(ECW) as % of body weight for impending dehydration and for BIA total body water as % body weight for
current dehydration. Better diagnostic accuracy (with sensitivity of at least 60% and specificity of at least 85%)
is represented by a line falling within the grey-outlined oblong in the top left hand corner of each plot. For a
clear introduction to the concepts of sensitivity, specificity, likelihood ratios and other measures, and
interpretation of ROC plots see Linnet 2012 (downloadable from
http://www.clinchem.org/content/early/2012/07/13/clinchem.2012.182543.full.pdf).
ROC plots appeared promising only for drinks intake, urine os-
molality and axillial moisture (although neither quite reached the
required sensitivity and specificity) and BIA resistance at 50 kHz,
and BIATBWassessment (although only one of the several studies
curves reached the required sensitivity and specificity). However,
it should be noted that as most studies are small the confidence
intervals were very wide, so that ROC plots that appear to enter
the rectangle of interest may not actually be as useful as they ap-
pear. Similarly, some plots that do not seem to enter the rectangle
of interest may be more useful than they appear.
Adequate sensitivity and specificity for current dehydration
(serum osmolality > 300 mOsm/kg or equivalent);
secondary target condition
The diagnostic accuracy characteristics for current dehydration are
shown in Table 4. The only test for which there was any suggestion
of appropriate levels of sensitivity and specificitywasBIA resistance
at 50kHz at 450, but this was only in one of the four studies that
provided data (sensitivity was 1.00 [0.16, 1.00], specificity 0.77
[0.46, 0.95] in 15 people, Allison 2005, but sensitivity was 0.33
(95% CI 0.04 to 0.78], 0.73 (95% CI0.39 to 0.94), 0.60 (95%
CI 0.26 to 0.88) and specificity 0.40 (95% CI 0.16 to 0.68), 0.45
(95%CI 0.17 to 0.77), 0.19 (95% CI 0.18 to 0.21) in Kafri 2013,
Powers 2012 and Stookey 2005 respectively). Because almost no
tests reported useful sensitivity and specificity in single studies,
meta-analysis was not felt to be appropriate.
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Adequate sensitivity and specificity for impending
dehydration (serum osmolality 295 to 300 mOsm/kg or
equivalent); secondary target condition
As we had already carried out a large number of analyses assessing
clinical symptoms, signs and tests of water-loss dehydration and
also tests of current water-loss dehydration we decided not to run
analyses of clinical symptoms, signs and tests of impending water-
loss dehydration (the other secondary target condition). As few
tests were useful for water-loss dehydration, or for current water-
loss dehydration, the lack of power involved in excluding those
with current dehydration, at the same time as searching for tests
of the less severe impending dehydration, suggested that there was
little point in running a further set of analyses.
Clinical symptoms, signs and tests that are not useful in
screening for water-loss dehydration in older people
There was enough evidence to suggest that several stand-alone
tests that are often used to assess dehydration in older people
were not useful, in that of at least four studies assessing the test
none suggested appropriate sensitivity and specificity in any study
for either water-loss dehydration or current dehydration at any
cut-off. Additionally none of the studies suggested any efficacy
in the ROC plots (post-hoc analyses). The tests that were not
appropriate to use and should not be relied on individually as ways
of assessing presence or absence of dehydration in older people
included assessments of fluid intake, USG, urine colour, urine
volume, heart rate, dry mouth, feeling thirsty and BIA assessment
of ICW or ECW.
Comparison between promising tests for water-loss
dehydration
We aimed to directly compare promising index tests (sensitivity≥
0.60 and specificity ≥ 0.75) where two or more were measured in
a single study (direct comparison). There were only two promising
measures for diagnosis of impending dehydration that could be
compared: missing drinks between meals and expressing fatigue
(each assessed in the same study, Kajii 2006). For missing drinks
between meals Kajii 2006 studied 71 frail elderly people living
at home in Japan and found sensitivity of 1.00 (95% CI 0.59 to
1.00) and specificity of 0.77 (95% CI 0.64 to 0.86), with a PLR
of 4.27 and a NLR of zero. With a pre-test probability of 10%
a positive test took the probability to 32%, and a negative test
the post-test probability to 0%. For fatigue the point estimates
of sensitivity (0.71, 95% CI 0.29 to 0.96) and specificity (0.75,
95% CI 0.63 to 0.85) were slightly less good, as were positive and
NLRs (2.86 and 0.38). The pre-test probability was of course also
10%, and the positive post-test probability was less useful at 24%,
and the negative post-test probability 4%. It should be noted that
Kajii 2006 was a small study and included only five older people
with impending dehydration, and two with current dehydration.
No other studies assessed the utility of missing drinks between
meals, but fatigue (any degree of fatigue) was assessed in two stud-
ies, neither of which suggested high levels of diagnostic utility
(SjöstrandHealthy 2013 found sensitivity of 0.30 (95%CI 0.07 to
0.65) but specificity of 1.00 (95% CI 0.29 to 1.00), and Sjöstrand
ED 2013 found sensitivity of 0.42 (95% CI 0.23 to 0.63) and
specificity of 0.80 (95% CI 0.28 to 0.99)).
We also planned bivariate meta-regression to explore including
a binary covariate for index test to understand if the expected
sensitivity and specificity or both differed between index tests;
however, there were insufficient studies with data on potentially
useful tests to make this appropriate.
Combining several tests
We planned to carry out an exploratory analysis to assess the value
of combining the best three index tests where the each had some
predictive ability of their own, and individual studies included
participants who had all three tests. There were no relevant three
tests, but we did carry out an exploratory analysis to combine
missing drinks between meals and expressing fatigue in the Kajii
2006 study dataset (Table 5).
Combining two tests so that a person had to bothmiss some drinks
between meals and express fatigue to be labelled as dehydrated,
the test was both sensitive at 0.71 (95% CI 0.29 to 0.96) and
specific 0.92 (95% CI 0.83 to 0.97), with PLRs of 9.14 and NLR
of 0.31. From a pre-test probability of 10% the probability of
dehydration with a positive test jumped to 50%, and fell to 3%
with a negative test. The DOR was 29.5. Combining tests so that
a positive test was represented by an individual expressing either
fatigue or missing drinks between meals had high sensitivity of
1.00 (95% CI 0.59 to 1.00), but specificity fell to 0.59 (95% CI
0.46 to 0.71) (below our threshold).
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Summary of findings
Tests which show some potential ability
to diagnose water-loss dehydration (as
stand-alone tests) in analyses of pre-de-
fined cut-offs
Tests which show some potential ability
to diagnose water-loss dehydration (as
stand-alone tests) in post-hoc ROC analy-
ses
Tests which are not useful, and should not
be relied on individually as ways of as-
sessing presence or absence of dehydra-
tion in older people (were not found to be
useful in any study at either pre-specified
cut-offs or in post-hoc ROC analyses
Expressing fatigue Urine osmolality Urine tests: urine volume, USG, urine colour
BIA: resistance at 50 kHz Axillial moisture BIA: total body water, intracellular water and
extracellular water
Missing some drinks between meals Drinks intake Other tests: heart rate, dry mouth, feeling
thirsty
BIA - bioelectrical impedance analysis; USG - urine specific gravity
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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D I S C U S S I O N
Summary of main results
We aimed to determine the diagnostic accuracy of state (one time),
minimally invasive clinical symptoms, signs and tests (collectively
referred to as tests) to be used in screening for water-loss dehydra-
tion (and current dehydration) in older people by systematically
reviewing studies that have measured a reference standard and at
least one index test in people aged 65 years and over. There are few
published studies of the diagnostic accuracy of state, minimally
invasive clinical symptoms, signs and tests to screen for water-loss
dehydration, so to complete the review we sought, analysed and
included raw datasets that measured a reference standard and at
least one index test in people aged 65 years and over.
We found three studies with published diagnostic accuracy data
and a further 21 datasets that we analysed and included (using
individual participant data).
There were 67 tests assessed (often at three cut-offs) for diagnostic
accuracy of water-loss dehydration. Only three tests showed any
ability to diagnose water-loss dehydration (impending or current
dehydration, serum osmolality ≥ 295 mOsm/kg) as stand-alone
tests (with sensitivity ≥ 0.60 and specificity ≥ 0.75).
• Expressing fatigue (sensitivity 0.71 (95% CI 0.29 to 0.96),
specificity 0.75 (95% CI 0.63 to 0.85), in 71 participants, Kajii
2006, but we found two additional studies with lower sensitivity,
Sjöstrand ED 2013; Sjöstrand Healthy 2013)
• Missing drinks between meals (sensitivity 1.00 (95% CI
0.59 to 1.00), specificity 0.77 (95% CI 0.64 to 0.86), 71
participants, one study only Kajii 2006)
• BIA resistance at 50 kHz (sensitivities 1.00 (95% CI 0.48
to 1.00) and 0.71 (95% CI 0.44 to 0.90) and specificities of 1.00
(95% CI 0.69 to 1.00) and 0.80 (95% CI 0.28 to 0.99) in 15
and 22 people respectively for Allison 2005 and Powers 2012,
but with sensitivities of 0.54 (95% CI 0.25 to 0.81) and 0.69
(95% CI 0.56 to 0.79) and specificities of 0.50 (95% CI0.16 to
0.84) and 0.19 (95% CI0.17 to 0.21) in 21 and 1947 people
respectively in Kafri 2013 and Stookey 2005).
Post-hoc ROC plot analyses suggested that drink intake, urine
osmolality and axillial moisture may also have some diagnostic
utility.
There was sufficient evidence to suggest that several stand-alone
tests often used to assess water-loss dehydration in older people
are not useful, and should not be relied upon. For these tests we
found no individual studies, and no meta-analyses at any cut-off
point, and no post-hoc ROC plot where estimates of sensitivity
were≥ 60% and specificity≥ 75%. These tests that should not be
used individually included fluid intake, USG, urine colour, urine
volume, heart rate, dry mouth, feeling thirsty and BIA assessment
of ICW or ECW.
Missing drinks between meals and expressing fatigue were both
assessed in a single study, and using a combination of these two
tests improved the diagnostic utility of the assessment of impend-
ing dehydration, suggesting that combining tests may be a useful
strategy to develop a diagnostic tool in future.
No tests were clearly useful in diagnosing current water-loss dehy-
dration (serum osmolality > 300 mOsm/kg).
Strengths and weaknesses of the review
Strengths of the review included searching out and including data
that could help to elucidate diagnostic accuracy of tests of dehy-
dration in older people, but where diagnostic accuracy had not
been previously analysed or published. Weaknesses of the review
included some heterogeneity in the reference standards accepted,
the (potential lack of ) equivalence of different levels of cut-offs for
the different reference standards, combining index tests that may
have been carried out differently in different studies and with dif-
ferent equipment (in the case of bioelectrical impedance), having
insufficient published data to confidently pre-set three appropriate
cut-offs for continuous index tests, and lacking power to combine
tests and develop a combined diagnostic test (which could bemore
powerful).
We accepted serum and plasma osmolality, serum osmolarity and
weight change within seven days as reference standards. Serum
and plasma osmolality are the ideal, and were used as the reference
standard in 13/24 included studies (Bossingham 2005; Fletcher
1999; Fortes 2011;Gaspar 2011a; Johnson 2003;Kafri 2013;Kajii
2006; Lindner 2009; Mack 1994; Sjöstrand ED 2013; Sjöstrand
Healthy 2013; Stookey 2005; Stotts 2009). A further seven in-
cluded studies used calculated serum osmolarity. Most of these
were studies that had collected serum data (Chassagne 2006; Culp
2003; Powers 2012; Rowat 2011; Source Study 2000), so we ap-
plied a standard osmolarity equation (2Na + 2K + urea + glucose,
where all measures were in mmol/L). However, two studies that
were included as published (where we had no access to the dataset)
used different formulae. Shimizu 2012 used the formula 2Na +
glucose/18 + BUN/2.8 (units were not stated, but presumably glu-
cose was measured in mg/dL). The formula used by Allison 2005
was not provided. Eaton 1994, whose dataset was not obtainable,
used a combination reference standard which declared dehydra-
tion when both serum osmolality was greater than 295 mOsm/kg
and a urea/creatinine (mmol/L/µmol/L) ratio > 0.1. McGarvey
2010, Monahan 2006 and Perren 2011 measured body weight
at baseline and again within seven days, and the reviewers used
the change in weight over this period to assess dehydration, with
weight change (up or down) of 3 to 5% of body weight indicating
impending dehydration, and ≥ 5% current dehydration.
It was not clear that in older people there is a direct equivalence
between serum or plasma osmolality at 295 mOsm/kg, serum
osmolarity at 295mOsm/L and a 3%weight loss (these were all the
boundaries between being well hydrated and having impending
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dehydration), and there is debate over the best formula to use for
osmolarity.
A great number of formulae have been published, but not tested
in community-dwelling older people to our knowledge (Fazekas
2013). Once a better understanding of the best formula to convert
serum measures to predict measured osmolality is clear it may be
appropriate to re-run the analyses within this review that use serum
osmolarity, and until then any limitations in the formula may
cause some bias in the predicted diagnostic accuracy of potential
tests.
Where weight change was used as the reference standard we as-
sessed weight change in the time gap provided, but it may be that
within a given time span dehydration develops and then corrects
itself, so the time span may not be ideal for picking up all cases of
dehydration.
Another danger is that dehydration in older people may develop
gradually over time, so that although the 3%weight change within
any seven day period is never achieved, dehydration occurs grad-
ually. Weight change works very well in children and the sports
context, where fluid change and so weight change is rapid, but
may be less helpful in older people (Armstrong 2007). Conversely,
during the conduct of this systematic review, an author published
data on weight change in well hydrated hospitalised older people
(Vivanti 2013). Weight fluctuation of each of the 10 participants
(mean age 80.2 years, SD 4.2 years) over three days ranged from
1.1% to 3.6%, with 20% having weight fluctuations of more than
3%. This variability appeared to be due to daily fluctuations, and
weights measured at the same time each day were least variable.
This suggests that unless weights were assessed at the same time
each day in our studies that weight change may be misleading as
an indicator of dehydration. Some of the differences in sensitivity
and specificity of individual tests may be due to differing reference
standards.
Serum and plasma osmolality cut-offs at 295 mOsm/kg (for im-
pending dehydration) and > 300 mOsm/kg (for current dehydra-
tion) are widely used and recommended, but they are useful only
if they are helpful in predicting health and well-being of older
people. There is some research that serum tonicity > 300 mOsm/L
predicts mortality and disability in older people (Stookey 2004a),
but more information is needed to assess whether osmolality or
tonicity and at which cut-offs are better predictors. Further work
is needed to ensure that our reference standards for dehydration
in older people are truly useful. We chose the boundary from hy-
dration to impending dehydration (serum or plasma osmolality
295 mOsm/kg) for our primary analysis because we felt that tests
of dehydration would ideally alert us to problems early, enabling
remediation, and dehydration averted, before health consequences
accrue.
A danger in having pre-set cut-offs for index tests, at which to
assess diagnostic accuracy for this review, was that if we pre-chose
poorly for the continuous measures (highly likely given very lim-
ited information available on appropriate cut-offs for most tests)
that lack of diagnostic accuracy may simply reflect incorrect cut-
offs. For this reason we decided to carry out post-hoc analyses to
check the ROC plots in case diagnostic accuracy was actually high
at another cut-off. These are post-hoc analyses, but can form the
basis of further research on promising tests. These plots suggested
that further research on measures of drinks intake, urinary osmo-
lality, axillial moisture meters and BIA resistance at 50 kHz would
be warranted.
Another potential weakness of the review is that we carried out
a large number of analyses, increasing the probability of spurious
raised sensitivity and specificity (although not many encouraging
results were seen despite the large number of analyses). An advan-
tage of assessing clinical symptoms, signs and tests of water-loss
dehydration (including those with either impending or current
dehydration, so using the cut-off for the reference tests of ≥ 295
mOsm/kg) is that it could be expected that any marker of im-
pending dehydration would also work as a marker of current de-
hydration (cut-off > 300mOsm/kg).Whenwe found thatmissing
drinks betweenmeals appeared to be a good amarker of water-loss
dehydration in Kajii 2006 (sensitivity 100% and specificity 77%)
as well as of current dehydration (sensitivity 100% and specificity
71%) this encouraged us to feel that this may be a useful marker of
dehydration. Similarly, the sensitivity (71%) and specificity (75%)
of fatigue for water-loss dehydration in Kajii 2006 were echoed
for current dehydration (sensitivity 100%, specificity 72%). BIA
resistance at 50 kHz with a cut-off of ≥ 450 ohm in Allison 2005
and Powers 2012 showed good sensitivity and specificity for both
water-loss (Allison 2005 100%, 100% and Powers 2012 71%,
80%) and current dehydration (Allison 2005 100%, 85%, and
Powers 2012 73%, 45%). However, it should be noted that sensi-
tivity and specificity did not improve for current dehydration over
water-loss dehydration as might be expected, so did not clearly
confirm the utility of these index tests. Additionally these may be
artefactual correlations from within the same studies, so may not
reinforce the suggestion of useful diagnostic accuracy. For post-
hoc ROC analyses drinks intake and BIA resistance at 50 kHzwere
positive at both water-loss dehydration and current dehydration
cut-offs, but this was not the case for BIA TBW and we do not
have any data for axillial moisture for current dehydration (so were
unable to check).
None of the simple tests such as skin turgor or dry mouth were
shown to be useful tests for water-loss dehydration (although not
all were excluded). Those that had a better chance of being useful
were nursing-type assessments (requiring an interviewer to ask
about missing drinks between meals or feeling fatigue), that need
response and recollection on the part of the older person, or were
more technological (BIA resistance). If we are to use these tests
with older people they will require careful attention to how any
questions are asked or observations made, and whether the results
can be generalised to other populations.
In clinical practice several tests may be intuitively or implicitly
combined. This approach was not used in the review; we iso-
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lated single tests, removed from the patient-frame or other signs
or characteristics. We hoped to partially overcome this issue by
combining potentially useful tests. This was possible for missing
drinks between meals and expressing fatigue where a combination
of these (so participants both missing some drinks between meals
and expressing fatigue) produced a test with better sensitivity and
specificity than either alone. This confirmed a promising avenue
for exploring tests for dehydration in the future - to combine tests
with some level of diagnostic accuracy (and possibly also taking
into account particular participant characteristics).
Timing may be important. It has been suggested that urinary mea-
sures will reflect effects of plasma osmolality and fluid intake over
the previous 60 to 90 minutes, but early morning collections may
be a better reflection of hydration status than those during the
day when status may change more quickly. However, the timing
of most urine samples used in this review was unclear, and often
samples appeared to have been pooled over several hours or days.
It was not clear how generalisable the findings were that missing
some drinks between meals and expressing fatigue may be useful
tests for indicating impending dehydration. Missing some drinks
between meals was only assessed in one high quality study of
Japanese frail elderly people (Kajii 2006). Expressing fatigue was
tested in three studies, but only achieved useful levels of diagnos-
tic accuracy in one (Kajii 2006). Two studies in elderly Swedish
volunteers (Sjöstrand Healthy 2013) and attending an emergency
department (Sjöstrand ED 2013) also found high specificity, but
lower levels of sensitivity (Kajii 2006 (71%, 75%); Sjöstrand ED
2013 (42%, 80%); Sjöstrand Healthy 2013 (30%, 100%)). This
is perhaps surprising because fatigue could be expected to be a very
common symptom in the elderly, relating to a variety of chronic
illnesses. Therefore, it would seem likely that specificity (propor-
tion of correctly identified true negatives) would be low, if one
starts at a general population of frail older subjects; however, this
was not seen, and specificity remained consistently high. Sensitiv-
ity (proportion of true positives which are correctly identified by
the test) was lower in the Swedish studies. This consistent ability to
identify older people (in healthy or frail community dwelling par-
ticipants, and those attending an emergency department in Japan
and Sweden) who did not have impending or current dehydration
could be a very useful part of a composite set of tests to identify
dehydration risk in older people.
While effort was made to ensure that all relevant studies were in-
cluded, we are aware of several datasets that exist (or existed) but
could not be included because original data could not be supplied.
In many cases original datasets could not be found or shared for a
variety of reasons including loss over time, computer problems that
lost data or made data unreadable or institutional rules that pre-
cluded sharing of data (Albert 1989; Bowser-Wallace 1985;Davies
1995; Faull 1993; Fredrix 1990; Gross 1992; Meuleman 1992;
O’Neill 1992; O’Neill 1997; Olde Rikkert 1997; Olde Rikkert
1998; Rikkert 1997; Schut 2005; Telfer 1965; Thomas 2003;
Tonstad 2006; Wakefield 2002a; Wakefield 2002b; Wakefield
2008). Furthermore, we were unable to establish contact with
some authors to obtain datasets that almost certainly included
relevant data (Bourdel-Marchasson 2004; Bruzzone 2004; Chen
2006; Gil Cama 2003; Leiper 2005; Martof 1997; Morgan 2002;
Morgan 2003; Piccoli 2000; Roberts 1991; Roos 1995; Rosher
2004; Shiraki 1980; Sugaya 2008; van Kraaij 1999).
Although several of these papers refer to the same individual
datasets, it was likely that further studies were not located. Be-
cause most publications (including those actually included in the
review) were not focused on diagnostic accuracy it is possible that
this level of missing data did not reflect any particular publication
or data bias in the included data, but this is not certain. It was not
possible to formally assess publication bias (or small study bias) in
this review. We would be delighted to incorporate data from these
studies, and any others we have missed in future updates of this
review.
There may well be other clinical symptoms, signs and tests that
can help identify water-loss dehydration in older people. Ongoing
research is assessing a variety of measures including saliva flow
and osmolality (Fortes 2014) and an e-nose (electronic sensing)
tool for the diagnosis of dehydration (Olde Rikkert 2013 [pers
comm]), and duplication of promising tests is also underway (
Hooper 2012).
Other types of assessments (such as ultrasound to assess inferior
vena cava or right ventricular diameter), have been suggested to
have some diagnostic ability in hypovolaemia of people of mixed
ages in emergency departments (de Lorenzo 2012; Zengin 2013).
However, water-loss dehydration is primarily intracellular dehy-
dration, rather than hypovolaemia, so is unlikely to be assessable
in the same way. Datasets are being created in which composite
tools or classification trees for assessment of impending dehydra-
tion may be developed (Hooper 2012). We hope to incorporate
these results into future updates of this review.
Applicability of findings to the review question
Our primary objective was to determine the diagnostic accuracy
of state (one time), minimally invasive clinical symptoms, signs
and tests to screen for water-loss dehydration in older people by
systematically reviewing studies that have measured a reference
standard and at least one index test in people aged 65 years and
over. We have assessed the diagnostic accuracy of a very long list
of potential clinical symptoms, signs and tests in older people,
and found limited evidence for the utility of missing some drinks
between meals, expressing fatigue and a combination of these two
tests, with weaker evidence for BIA resistance at 50 kHz. Further
potentially useful tests (identified in post-hoc analyses) include
drinks intake, urine osmolality and axillial moisture.
Secondary objectives included:
1. To assess the effect of different cut-offs of index test results
assessed using continuous data on sensitivity and specificity in
diagnosis of impending or current water-loss dehydration. We
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achieved this by pre-specifying cut-offs for our index tests and
applying post-hoc analyses checking ROC plots where we may
have missed useful cut-offs. These plots suggested that further
research on measures of drinks intake, urine osmolality, axillial
moisture meters and BIA resistance at 50 kHz would be
warranted
2. To identify clinical symptoms, signs and tests that may be
used in screening for impending or current water-loss
dehydration in older people. There was insufficient evidence to
clarify any single or combined tests that can be confidently used
to identify impending or current dehydration in older people,
but several promising tests have been highlighted. Potentially
useful tests include missing some drinks between meals,
expressing fatigue and a combination of these two tests, with
weaker evidence for BIA resistance at 50 kHz, drinks intake,
urine osmolality and axillial moisture.
3. To identify clinical symptoms, signs and tests that are not
useful in screening for impending or current water-loss
dehydration in older people. Several tests that are commonly
used by health professionals to assess dehydration in older people
have been shown to be unhelpful, and their use misleading.
These include urinary measures such as specific gravity and
colour, orthostatic hypotension, skin turgor, capillary refill, dry
mouth assessments, sunken eyes, thirst and headache. These
should not be used as single measures to assess dehydration,
however some of them may contribute to diagnostic accuracy in
future combined tools.
4. To assess clinical symptoms, signs and tests of current
dehydration (including all those with serum osmolality > 300
mOsm/kg). These analyses were limited as few participants had
current dehydration (and some included studies had no
participants with current dehydration) although it should
theoretically be easier to identify as it has a stronger effect on the
body. The only test found to be potentially useful was BIA
resistance at 50 kHz at 450 ohm, though this was only seen to be
useful in one of the four studies that assessed it.
5. To assess clinical symptoms, signs and tests of impending
dehydration (including all those with serum osmolality 295 to
300 mOsm/kg). These analyses were not carried out due to high
numbers of analyses already completed and limited data.
6. To directly compare promising index tests (sensitivity ≥
0.60 and specificity ≥ 0.75) where two or more are measured in
a single study (direct comparison). We only had data to compare
two tests which were both used in a single study (Kajii 2006):
missing some drinks between meals and expressing fatigue. In
this direct comparison missing drinks between meals (sensitivity
100%, specificity 77%) appeared slightly better than expressing
fatigue (sensitivity 71%, specificity 75%), but given the small
size of the study, this needs to be clarified.
7. To carry out an exploratory analysis to assess the value of
combining the best three index tests where the three tests each
have some predictive ability of their own, and individual studies
include participants who had all three tests. We found that
combining the two tests above (participants both missing some
drinks between meals and expressing fatigue) produced a
stronger test than either alone (sensitivity 71%, specificity 92%),
but this needs to be confirmed.
A U T H O R S ’ C O N C L U S I O N S
Implications for practice
At present there is no clear evidence for the use of any single clinical
symptom, sign or test of water-loss dehydration in older people.
Where healthcare professionals currently rely on single tests in
their assessment of dehydration in this population this practice
should cease because it is likely to miss cases of dehydration (as
well as misclassify those without water-loss dehydration).
Implications for research
Further research is needed to assess the utility of the promising
single tests highlighted by this review (including missing drinks
between meals, expressing fatigue, BIA resistance at 50 kHz, axil-
lial moisture, urinary osmolality and assessment of drinks intake).
Additionally, it will be useful to explore novel tests of dehydration
in older people (including salivary and e-nose measures). It is fea-
sible that combinations or classification trees of tests will create
useful composite tools for identification of impending or current
dehydration.
We suggest that being able to use simple tests to pick up impend-
ing dehydration is important as a public health measure as it will
enable us to work with older people to prevent the health impacts
of dehydration and prevent more serious dehydration. Screening
for current dehydration is also important, and will help us to treat
older people, but the most clinically relevant target condition for
screening tools needed in future research is impending dehydra-
tion.
We need to improve our understanding of the comparability of
serum osmolarity and osmolarity (using different formulae), as
well as changes in weight, to improve our understanding of the
comparability of different reference standards in older adults. Even
more fundamentally we need to better understand how serum os-
molality, osmolarity and weight change, as indicators of dehydra-
tion, are linked to future health and wellbeing of older people.
Once a useful test or composite tool for detection of impending or
current water-loss dehydration has been identified and verified (by
duplication in similar and less similar populations of older peo-
ple), its place in the clinical and non-clinical setting needs to be
considered. In community settings such a test or tool may be used
as an indicator to initiate support to improve drinking and/or as-
sess medications to improve hydration. In the clinical setting, this
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may be used as a triage test for assessment of dehydration by mea-
suring serum or plasma osmolality, which might be followed by
intravenous fluids where hydration is compromised. Randomised
trials of screening for dehydration using the verified test or tool
will be needed to ensure that screening (along with protocols to
help older people to improve their hydration when problems are
identified) delivers benefits for health and well-being (di Ruffano
2012).
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C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Allison 2005
Clinical features and settings • Setting: long-term urban care facilities
• Country: USA
• Aim: to determine the mean total body resistance in long term care residents, and
correlate with fluid imbalance
Participants • Participants were residents of long term urban care facilities
• Sample size: 15
• Sex (M/F): not stated
• Age: not stated
• Nutritional status: not stated
Study design • Reference standard (serum osmolality) was retrospective
• 2 x 2 table published: no, reviewers used individual data published within the
paper
Target condition and reference standard(s) • Serum osmolarity, mOsm/L (calculated)
• Method: not stated (collected in standard practice care in several facilities, so
methods may vary)
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests Total body resistance at 50kHz, by BIA
• Method: Quantum II Bioimpedance Analyser & Cyprus Body Composition
Analyzer software, RJL Systems, Michigan
• Timing: BIA and serum osmolarity were measured within 3 months of each other
Follow-up Flow
• Of 1225 selected residents medical charts of 118 were reviewed (unclear how
these were chosen), of whom 44 had had clinical lab results measured in past 3 months
and for whom individual data were reported. Of these 22 had had serum osmolality
measured, and 15 had serum osmolarity of ≥ 275 mOsm/L, so were included in review
analysis.
Notes
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Unclear Yes: older people living in care
Unclear: method of recruitment unclear
and only 22 of 1225 represented in data
Acceptable reference standard?
All tests
No Serum osmolarity (calculated rather than
measured serum osmolality)
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Allison 2005 (Continued)
Acceptable delay between tests?
All tests
No Delay up to 3 months between reference
standard and index tests
Partial verification avoided?
All tests
No Serum osmolarity assessment was based on
clinical criteria so was probably not ran-




Unclear Yes: reviewers chose the cut-off level used
Unclear: method of measuring osmolarity
unclear andmay have differed between par-
ticipants as based in different facilities
Incorporation avoided?
All tests
Yes The index test did not form any part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Unclear Yes: reviewers chose cut-off levels











No > 1000 participants not represented in
dataset
Free of commercial funding? No Study funding not stated, but first author
worked for company that produce BIA
equipment, another worked for the com-
pany that produce the software used
Bossingham 2005
Clinical features and settings • Setting: healthy older people living in the community
• Country: USA
• Aim: to assess effects of age on water input, output, balance and hydration status
Participants • Participants were older men and women with normal kidney, heart, liver, thyroid
and blood pressure, without diabetes
• Sample size: 21
• Sex (M/F): 10/11
• Mean age ± SD, range (years): women (75 ± 4, 70 to 81); men (72 ± 4, 63 to 79)
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Bossingham 2005 (Continued)
• Nutritional status (mean ± SD): BMI (women 27.4 ± 4.2; men 26.5 ± 3.3)
Study design • Prospective study
• 2 x 2 table published: no, reviewers used dataset provided by authors
Target condition and reference standard(s) • Serum osmolality, mOsm/kg (directly measured)
• Method: plasma from fasting blood sample analysed in osmometer (Advanced
Osmometer Model 3D3, Advanced Instruments Inc)
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Ad lib water intake
• Method: water for drinking water, tea, coffee etc was provided as bottled water
and use over 4 days was measured
• Timing: water intake measured on days 7 to 10 of research period, serum
osmolality on day 12
Fluid intake
• Method: water content of duplicate samples of foods and drinks analysed plus
metabolic water content estimated plus ad lib water content as above
• Timing: unclear, probably days 7 to 10 of research period, serum osmolality on
day 12
Urine volume
• Method: urine collected for 4 days plus stool water measured plus insensible losses
via respiration and skin estimated
• Timing: urine volume measured on days 7 to 10 of research period, serum
osmolality on day 12
Water balance
• Method: urine volume (as above) subtracted from water input (as above)
• Timing: measured on days 7 to 10 of research period, serum osmolality on day 12
USG
• Method: assumed to equal urine density, assessed by weighing a set volume of
urine
• Timing: measured on days 7 to 10 of research period, serum osmolality on day 12
*AlsoTBWmeasured by deuteriumoxide dilutionmethod, but not presented as a clinical
symptom, sign or test
*Also thirst assessed (participants asked “how strong is your feeling of thirst?” indicated
by a 100 mm VAS scale) but only asked of some participants, and data not presented in
dataset, so not used
Follow-up Flow
• 3/24 did not complete the study so were excluded. Of 21 older participants,
reviewers omitted none (dataset did not show participant ages, so although data for one
male participant was aged 63 years he could not be removed), all were healthy and
none had low serum osmolality (< 275 mOsm/kg)
Notes
Table of Methodological Quality
Item Authors’ judgement Description
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Yes Older people living in the community
Method of recruitment was sequential, in-
cluding those who fit the inclusion criteria
Acceptable reference standard?
All tests
Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
No > 2 hours for all tests
Partial verification avoided?
All tests
Yes Study prospective, all participants received
all tests except for question on thirst (intro-




Yes Serum osmolality assessed in all
Incorporation avoided?
All tests
Yes Index tests did not form any part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests












Yes 3 did not complete and were excluded
Free of commercial funding? Yes Funded by NIH and US Dept of Agricul-
ture, all authors worked for Purdue Univer-
sity
Chassagne 2006
Clinical features and settings • Setting: 7 short and long-term geriatric care facilities
• Country: France
• Aim: to assess early clinical signs in patients with hypernatraemia, and their
prognostic value
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Chassagne 2006 (Continued)
Participants • Cases were inpatients aged ≥ 65 years with hypernatraemia, controls were
matched for age, sex, type of facility and Barthel Index (2 controls per case)
• Sex (M/F): 193/257
• Mean age ± SD, range (years): cases (87.1 ± 6.9, 70 to 107), controls (86.4 ± 6.8,
70 to 106)
• Nutritional status: unclear
Study design • Prospective study (case control)
• 2 x 2 table published: no, reviewers used dataset provided by authors
Target condition and reference standard(s) • Serum osmolarity, mOsm/L (calculated) (serum osmolality was measured, but
only in cases, not controls)
• Method: calculated by reviewers from serum electrolytes measured in routine
patient management, using osmolarity = (2Na + 2K + urea + glucose), all in mmol/L
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests Heart rate, beats/min (305 participants)
• Method: at rest, method not stated
• Timing: unclear, author states tests assessed within 4 hours of abnormal
biochemistry being confirmed, but not clear of timing of tests re serum biochemistry in
controls
Orthostatic blood pressure (44 participants)
• Method: decline of ≥ 20 mm Hg systolic, or ≥ 10 mm Hg diastolic at 1 or 3
minutes after moving from supine to sitting position
• Timing: as heart rate timing
Body temperature (297 participants)
• Method: not stated
• Timing: as heart rate timing
Consciousness states (305 participants)
• Method: classified as normal, mildly impaired and coma (no further details of
how this was tested)
• Timing: as heart rate timing
Dry oral mucosa (292 participants)
• Method: finger was placed inside cheek or the linguo-maxillary sulcus and
assessed as wet or dry
• Timing: as heart rate timing
Skin turgor, subclavicular (306 participants), anterior forearm (302 participants), ante-
rior thigh (303 participants), sternum (304 participants)
• Method: assessed at each of four sites, and positive at each site when fold lasted
for ≥ 3 seconds after 3 seconds of pinching
• Timing: as heart rate timing
Follow-up Flow
• Of 465 older participants there were no exclusions reported. Reviewers omitted
149 (124 due to kidney disease, 13 due to heart failure, 12 due to missing data that did
not allow serum osmolarity calculation, 2 had osmolarity < 275). Some missing data
for each index test
Notes
44Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
Chassagne 2006 (Continued)
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: all participants were hospitalised




No No: serum osmolarity (calculated) had to
be used as the reference standard as mea-
sured serum osmolality was only available
for cases (who all had raised serum osmo-
lality by definition)
Yes: reviewers set our own cut-offs as we
had access to the full dataset
Acceptable delay between tests?
All tests
Unclear Tests assessed within 24 hours of blood




No Yes: study prospective
No: only cases had measured serum osmo-
lality, 12 controls were missing some rele-




Yes Serum osmolarity could be calculated for
all included participants, so this was used
as the reference standard
Incorporation avoided?
All tests
Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
No Cases chosen on the basis of serum sodium
levels (closely related to serum osmolality
and osmolarity)
Index test results blinded?
All tests
Unclear Tests may have been assessed in the knowl-












Unclear While the numbers included were clear it
was not clear why some data were missing
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Chassagne 2006 (Continued)
Free of commercial funding? Yes The author stated that the study was un-
funded
Culp 2003
Clinical features and settings • Setting: 13 rural long-term care (nursing home) facilities
• Country: USA
• Aim: to assess risk factors for delirium in older people
Participants • Older adults (aged ≥ 65) staying in skilled or intensive care beds for at least 30
days, with or without dementia
• Sex (M/F): 74/239
• Mean age ± SD: 86.1 ± 7.2 years
• Nutritional status: unclear
Study design • Prospective study
• 2 x 2 table published: no, reviewers used dataset provided by authors
Target condition and reference standard(s) Serum osmolarity, mOsm/L (calculated)
• Method: calculated by reviewers from serum electrolytes measured for study,
using osmolarity = (2Na + 2K + urea + glucose), all in mmol/L
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests TBW, ECF, ICF (L), and as % body weight by single frequency BIA (308 participants)
• Method: participant supine with arms and legs at 35 to 45 degrees to trunk, at
least 2 hours after meals and 6 hours after diuretics, Using Quantum III, RJL systems
• Timing: all on same day
USG (308 participant)
• Method: method not stated
• Timing: all on same day
Heart rate (BPM) (data not in dataset)
• Method: not stated
• Timing: all on same day
Blood pressure (mm Hg) (data not in dataset)
• Method: not stated
• Timing: all on same day
MMSE (308 participants)
• Method: standard method, 9 item instrument, scored from 0 to 30 (where 30 is
normal cognition)
• Timing: all on same day
Neecham confusion scale (308 participants)
• Method: standard method, scored from 0 to 30 (where 24 or less suggests
delirium)
• Timing: all on same day
CAM (308 participants)
• Method: standard method, 9 operationalised criteria for delirium
• Timing: CAM on separate day to other assessments
Vigilance A (data not in dataset)
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Culp 2003 (Continued)
• Method: 60 letters are read out, participants indicate when ’A’ is read, ≥ 2 errors
considered abnormal
• Timing: all on same day
Body temperature (data not in dataset)
• Method: unclear
• Timing: all on same day
Follow-up Flow
• Of 3554 beds in 45 long-term care facilities, 13 facilities participated. 311 eligible
participants were randomly selected to participate. Reviewers excluded 3 of these from
analyses, 1 for being aged < 65 years, 2 for having serum osmolarity < 275 mOsm/L
Notes Data on body temperature, heart rate, blood pressure and vigilance A not presented in
dataset, so not useable in analyses. Data on CAM were assessed as any positive measure
over 4 weeks, so not necessarily at a time point near the reference standard, so not
included in analyses
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests





No No: calculated serum osmolarity
Yes: reviewers set our own cut-offs as we
had access to the full dataset
Acceptable delay between tests?
All tests
Unclear All on same day of assessment (except
CAM) but no indication that assessment












Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Unclear No information provided.
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No 311/313 participants reported, 311 in
dataset (reasons for 2 missing unclear)
Free of commercial funding? Yes Funded inpart byNational Institute onAg-
ing, authors all worked in medical or aca-
demic settings
Eaton 1994
Clinical features and settings • Setting: Hospital
• Country: UK
• Aim: to assess the value of axillary moisture in assessing hydration in ill elderly
patients
Participants • Older adults (aged ≥ 70 years) consecutively admitted for acute medical
conditions
• Sex (M/F): 38/62
• Mean age: 80.2 years
• Nutritional status: unclear
Study design • Prospective study
• 2 x 2 table published: yes, no additional data available from authors
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured) plus serum urea/ creatinine ratio
(mmol/L/µmol/L)
• Method: no details provided
• Cut-off: > 295 mOsm/kg AND serum urea/creatinine ratio (mmol/L/µmol/L) >
0.1 versus all others
Index and comparator tests Axillary moisture, weighed (data not reported)
• Method: pre-weighed tissue placed in participant’s right (left if right hemiparesis)
axilla for 15 minutes, with arm held at side, tissue re-weighed.
• Timing: within 24 hours of admission
Axillary moisture, by touch (86 participants)
• Method: assessed by 2 blinded observers in random order, coded as dry (0) or
moist (1), agreement of coding in 80% of cases (k = 0.5), interval 1 to 6 hours, but
only data from assessor 1 presented in 2 x 2 table.
• Timing: within 24 hours of admission
Follow-up Flow
• 86/100 recruited appear in the 2 x 2 table, unclear why remaining 14 were
excluded, but may be because only assessments by assessor 1 were presented (not the
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Eaton 1994 (Continued)
duplicate assessments)
Notes Data on weighed moisture not presented in usable format, and data on duplicate assess-
ments of axillary moisture by touch not presented in usable format
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests





No Was a combination of serum osmolality
and urea/ creatinine ratio
Acceptable delay between tests?
All tests
No Index test was within 24 hours of admis-
sion, but the timing of the duplicate assess-
ments were 1 to 6 hours apart and timing
of reference standard was not stated
Partial verification avoided?
All tests
Unclear Yes: study prospective
Unclear: unclear whether all received both








Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Unclear Not stated









Unclear The cause of missing data was unclear
Withdrawals explained?
All tests
No Unclearwhy data from86participantswere
presented, when 100 were recruited
Free of commercial funding? Unclear Probably, funding source not stated but ap-
pears to be part of medical school training
and all worked for health or academic bod-
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Clinical features and settings • Setting: intensive care, surgical higher dependency and neurosurgical high
dependency units
• Country: UK
• Aim: to assess whether urine colour is a useful indicator of hydration status in
critically ill patients
Participants • People consecutively admitted to intensive care, surgical higher dependency and
neurosurgical high dependency units
• Sex (M/F): 13/4 women aged at least 65 years (40 participants overall)
• Mean age ± SD: 73 ± 6.7 years for those aged at least 65 years
• Nutritional status: unclear
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by authors
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: no details provided, although blood was taken from indwelling arterial
catheters
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Urine colour (15 participants)
• Method: 20 mL of urine taken from catheter bag, and compared to Armstrong
colour chart (score of 1 was lightest, 8 darkest) in natural light. Assessment of each
sample was in duplicate by 2 doctors (and also by several nurses)
• Timing: unclear
Urine output (15 participants)
• Method: urine output for 1 hour into catheter bag (multiplied up by 24 by
reviewers for use in analysis)
• Timing: during hour before serum osmolality sample taken
Urine osmolality (15 participants)
• Method: urine sample from catheter bag
• Timing: sample taken during hour before serum osmolality
Follow-up Flow
• Of 40 recruited and appearing in the dataset, 17 were aged at least 65 years. Of
these, 2 participants had serum osmolality < 275 mOsm/kg and so were not included
in the review analysis, so 15 were included.
Notes Central venous pressure was also measured, but as this requires use of a central venous
catheter it is not non-invasive, so data not included
Table of Methodological Quality
Item Authors’ judgement Description
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Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
Yes Urine sample and central venous pressure












Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs





Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? Yes Funding by a hospital fund, and all authors
worked for the hospital
Fortes 2011
Clinical features and settings • Setting: older people admitted to an acute medical unit
• Country: UK
• Aim: to assess whether those with dry eye have higher serum osmolality than
those without dry eye
Participants • People aged at least 60 years admitted to acute medical care (without recent eye
surgery, contact lens use or eye drop use)
• Sex (M/F): 55/51
• Mean age ± SD (range): 78.8 ± 7.7 years (65 to 101 years)
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Fortes 2011 (Continued)
• Nutritional status: not stated
Study design • Prospective study (cross-sectional)
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Plasma osmolality, mOsm/kg (directly measured)
• Method: freezing point depression osmometer (Model 330 MO, Advanced
Instruments)
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests DEQ-5 (104 participants)
• Method: scores frequency and severity of eye discomfort, eye dryness and
frequency of watery eyes during the evening of a typical day in the last month, with
each scored 0 (never experience) to 5 (extremely severe), the highest possible score is 25.
• Timing: all measures (index and then reference standard) taken within 30 minutes
VAS (104 participants)
• Method: perceived eye dryness in response to “How dry do your eyes feel right
now?”, from 0mm “not at all dry” to 100 mm “very dry”.
• Timing: all measures (index and then reference standard) taken within 30 minutes
NITBUT (104 participants)
• Method: using Tearscope-Plus (Keeler Instruments), measured 3 times, median
used in analyses. A shorter NITBUT time is indicative of dry eye.
• Timing: all measures (index and then reference standard) taken within 30 minutes
Tear osmolarity, mOsm/L (89 participants)
• Method: tear fluid collected by TearLab Osmolarity System (TearLab, San Diego
California). Participant blinked 3 times and squeezed eyes shut, then tear fluid
collected from right eye with TearLab pen, which beeped once 50nL of fluid was
collected, then osmolarity displayed once pen was docked (calibrated daily).
Assessment of tear osmolarity was by electrical impedance
• Timing: all measures (index and then reference standard) taken within 30 minutes
Follow-up • Of 165 participants who met the inclusion criteria, 130 gave informed consent
and had plasma osmolality data. Of these 10 people were excluded as aged <65 years, 1
was excluded as they had heart failure, 1 due to renal disease and 13 excluded as having
plasma osmolality <275mOsm/kg, leaving 105 participants. Of these results for index
tests were missing for 1 person for each test apart from tear osmolality (where results
were missing for 16 participants - 9 were unable to tolerate the test, 7 were unable to
provide sufficient volume of eye fluid).
Notes
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants were admitted to an acute
medical unit
Unclear: unclear how recruitment occurred
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Yes Measured plasma osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
Yes All measures (index and then reference




All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Continuous data, reviewers set cut-offs
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Withdrawals were explained (12 did not
have appropriate tear osmolality data, 7
were unable to tolerate the test, 5 were un-
able to provide sufficient volume of eye
fluid), aside from reviewer exclusions
Free of commercial funding? No This study was a bolt-on study to a larger
study funded by HydraDX, but the com-
pany did not benefit from these results
Gaspar 2011a
Clinical features and settings • Setting: long-term care facility and acute medical psychiatric unit (people
hospitalised to receive ECG treatment)
• Country: USA
• Aim: to assess whether BIA, USG and urine colour are useful indicators of
hydration status in older people
Participants • People aged ≥ 65 living in long-term care facilities or having ECG treatment in
acute medical psychiatric units
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Gaspar 2011a (Continued)
• Sex (M/F): 8/28 (of whom 23 were from long term care facilities, 13 from
psychiatric units)
• Mean age ± SD: 81.0 ± 9.5 years
• Nutritional status (number): BMI < 19 (1); BMI 19 to < 25 (6), BMI 25 to < 30
(8), BMI ≥ 30 (12)
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: no details provided
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests TBW, ECF and ICF as %body weight by multi-frequency BIA (28 participants)
• Method: used Xithon
• Timing: within 2 hours of blood draw for serum osmolality
MMSE (17 participants)
• Method: standard method, 9-item instrument, scored from 0 to 30 (where 30 is
normal cognition)
• Timing: within 2 hours of blood draw for serum osmolality
Follow-up Flow
• Of 36 recruited participants all appeared in the dataset, 2 were removed as they
had renal failure or oedema, and 6 were removed as their serum osmolality was < 275
mOsm/kg, so 28 were included. All 28 had BIA data, but only 17 had MMSE and
CAM data
Notes • USG and urine colour were assessed in some participants, but as none had raised
serum osmolality the data could not be used. CAM was assessed in some participants,
but confusion was assessed as absent in all participants in whom it was assessed, so the
data could not be used
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: while some participants were living in
long term care facilities, some were in hos-
pital for ECG treatment




Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
Yes BIA measures were taken within 2 hours
of serum osmolality sample, BUT timing
of MMSE and CAM were unclear as these
were taken from notes
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All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? Unclear Funded by the Gerontological Nursing
Interventions Research Center, Hartford
Center of Geriatric Nursing Excellence and
Graduate Program Mayo Research Funds
(co-PIs Gaspar and Forsyth)
Johnson 2003
Clinical features and settings • Setting: community living people entered a residential research facility for 4 days
• Country: USA
• Aim: to assess whether frequent night-time voiding of urine is associated with
urine overproduction at night and whether nocturnal polyuria is associated with
arginine vasopressin levels or responsiveness
Participants • People aged ≥ 65 years living in the community
• sex (M:F): 13/30
• Mean age ± SD: 73 ± 6.6 years
• Nutritional status: unclear
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: no details provided, on a day following water deprivation from 7 pm the
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previous evening, day 2 of 4-day stay
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests 24 hour urine volume (43 participants)
• Method: observed by nursing staff while at research facility
• Timing: average over 4 days within research facility
Urine volume during day (43 participants)
• Method: observed by nursing staff while at research facility, from 7 am to 11 pm
• Timing: average over 4 days within research facility
Urine volume during night (43 participants)
• Method: observed by nursing staff while at research facility, from 11 pm to 7 am
• Timing: average over 4 days within research facility
Urine voids during day (43 participants)
• Method: observed by nursing staff while at research facility, from 7 am to 11 pm
• Timing: average over 4 days within research facility
Urine voids during night (43 participants)
• Method: observed by nursing staff while at research facility, from 11 pm to 7 am
• Timing: average over 4 days within research facility
Urine osmolality (43 participants)
• Method: unclear
• Timing: on day 2 following water deprivation; similar time to serum osmolality
Follow-up Flow
• Of 190 people who replied to advertisements for volunteers and were given a
telephone interview, 60 were given a screening physical exam and 48 admitted to the
residential research unit. Of these 2 did not have serum osmolality recorded, and 3 had
serum osmolality < 275 mOsm/kg, so were omitted from analysis
Notes
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests





Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
Unclear Serum osmolality and urinary osmolality
appear to have been taken around the same
time on the same day, but urine volume
and voiding were averaged over the 4 days




All received the reference standard
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Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? Yes Funding from National Institute on Ag-
ing, Emory University and Atlanta Vet-
erans Affairs Rehabilitation R&D Center
and Birmingham Geriatrics Research Edu-
cation and Clinical Center, authors all af-
filiated to healthcare or academic centres
Kafri 2013
Clinical features and settings • Setting: people in hospital immediately following a stroke
• Country: UK
• Aim: to assess how dehydration is reflected in multi-frequency BIA
Participants • People admitted to hospital within 48 hours of a mild or moderate acute stroke
• Sex (M/F): 20/11
• Mean age ± SD: 77.6 ± 7.0 years
• Nutritional status (mean ± SD, range): BMI (27.4 ± 4.7 kg/m2, 19 to 39.3)
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: using freezing point depression on Advanced Instruments 2020
osmometer from venous blood sample, within 1 hour of index tests
• Cut-off: < 295 versus ≥ 295 mOsm/kg
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Kafri 2013 (Continued)
Index and comparator tests Impedances at 5, 50 and 100 kHz, TBW as % of body weight, ECF and ICF as % of
TBW by multi-frequency BIA (21 participants)
• Method: participant supine, using Maltron BioScan 920-2
• Timing: all within 20 minutes of reference standard
Dry tongue (31 participants)
• Method: participant asked to stick out tongue, assessed by touch as damp, mildly
dry, moderately dry or severely dry
• Timing: within 1 hour of blood sample for serum osmolality
Tongue furrowed (31 participants)
• Method: participant asked to stick out tongue, assessed by touch as un-furrowed,
mildly furrowed, moderately furrowed or severely furrowed
• Timing: within 1 hour of blood sample for serum osmolality
Skin turgor, back of hand (31 participants)
• Method: skin on back of unaffected hand pinched then released, time taken for
skin to return to normal timed (in seconds)
• Timing: within 1 hour of blood sample for serum osmolality
Capillary refill time, fingernail (31 participants)
• Method: nail bed of middle finger of unaffected hand pressured until the nail is
blanched, release pressure and time return of normal colour (in seconds)
• Timing: within 1 hour of blood sample for serum osmolality
Follow-up Flow
• Of 47 people recruited, 13 were aged < 65 years, 2 had no serum osmolality
measure, and 1 had serum osmolality < 275 mOsm/kg, so 31 were included in the
analyses. Additionally, 10 participants had invalid BIA data so their data were omitted
from the BIA tables, leaving 21 in the BIA analyses
Notes Intended to assess for presence of orthostatic hypotension, but almost none of the par-
ticipants were able to stand up, so this was abandoned
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests





Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
Yes Serum osmolality sample taken within 20





All received the reference standard
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Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? No Funding provided by European Hydration
Institute (independent but funded by some
commercial interests), authors were em-
ployed in health care or academic institu-
tions and the primary author was a PhD
student
Kajii 2006
Clinical features and settings • Setting: frail elderly people living at home
• Country: Japan
• Aim: to determine the relationship between blood hypernatraemia or
hyperosmolarity and risk factors associated with water intake and symptoms
Participants • Elderly people aged at least 65 years, living at home, visiting a community centre
for the elderly and exhibiting risk factors for protein energy malnutrition (by a self-
check questionnaire)
• Sex (M/F): 26/45
• Mean age ± SD: 76.0 ± 7.0 years
• Nutritional status (mean ± SD): serum albumin 4.3 ± 0.25 g/dL
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: using freezing point depression
• Cut-off: < 295 versus ≥ 295 mOsm/kg
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Kajii 2006 (Continued)
Index and comparator tests All index tests (71 participants)
• Method: participants completed questionnaires answering the following
questions. The wording was translated from Japanese by the authors, and is copied
below. Each question was prefaced with “Please answer the situation for the past 3
days”:
• Timing: questions were asked at the same home visit as the blood test, within 2
hours
Lips dry (71 participants)
• Method: answer to “Do you feel your lips get dry?” (yes or no allowed)
Mouth dry (71 participants)
• Method: answer to “Do you feel inside of your mouth get dry?” (yes or no allowed)
Feeling thirsty (71 participants)
• Method: answer to “Do you feel thirsty?” (yes or no allowed)
Tongue smarts (71 participants)
• Method: answer to “Do you feel your tongue smarts?” (yes or no allowed)
Mouth smarts (71 participants)
• Method: answer to “Do you feel anything except tongue inside of your mouth
smarts?” (yes or no allowed)
Sticky mouth (71 participants)
• Method: answer to “Do you feel inside of your mouth is sticky?” (yes or no
allowed)
Sticky saliva (71 participants)
• Method: answer to “Do you feel your saliva is sticky?” (yes or no allowed)
Fatigue (71 participants)
• Method: answer to “Do you feel fatigue?” (yes or no allowed)
Lassitude (71 participants)
• Method: answer to “Do you feel lassitude?” (yes or no allowed)
Dull (71 participants)
• Method: answer to “Do you feel dull?” (yes or no allowed)
Swallowing problems (71 participants)
• Method: answer to “Do you feel swallow disorder?” (yes or no allowed)
Enjoying food (71 participants)
• Method: answer to “Do you feel you can eat meal deliciously?” (yes or no allowed)
Appetite (71 participants)
• Method: answer to “Do you feel appetite?” (yes or no allowed)
Total daily intake of drinks (including drinks at and between meals) (71 participants)
• Method: answers to questions 1-6 on drinks intakes added up and multiplied by
200 mL per cup. Used as water intake in analysis.
• Please answer your food custom (may answer no water, 1 cup, 2 cups, 3 cups or
other, 1 cup is approximately 200 mL).
i) How much water do you drink at breakfast time?
ii) How much water do you drink at lunch time?
iii) How much water do you drink at dinner time?
iv) How much water do you drink between breakfast and lunch?
v) How much water do you drink between lunch and dinner ?
vi) How much water do you drink between dinner and next breakfast?
Ever misses drinking at meals? (71 participants)
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Kajii 2006 (Continued)
• Method: answers 0 to at least one of questions 1-3 above
Ever misses drinking between meals? (71 participants)
• Method: answers 0 to at least one of questions 4-6 above
Follow-up Flow
• Of 74 people recruited, 3 had no serum osmolality measure so were excluded
from our analysis.
Notes • Paper in Japanese, relied on English abstract, author replies and the dataset to
describe the study. The authors did not ask whether participants had heart failure, so
some people with heart failure may be included in the dataset
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Unclear Yes: participants were resident in the com-
munity
Unclear: recruitment was from a commu-




Yes Serum osmolality (measured)
Reviewers set our own cut-offs
Acceptable delay between tests?
All tests
Yes Serumosmolality sample was taken at same




All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests
Yes Gaps in the dataset clear (full dataset pro-
vided)
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Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? Yes Funded by Grants-in-Aid for Scientific Re-
search <KAKENHI>, Japan Society for the
Promotion of Science (http://www.jsps.go.
jp/english/e-grants/index.html)
Lindner 2009
Clinical features and settings • Setting: people in hospital ICU
• Country: Austria
• Aim: to quantitatively assess how a positive solute and/or negative fluid balance
contributes to hypernatraemia
Participants • People in ICU admitted with serum sodium < 146 mEq/L but > 149 mEq/L
during stay (acquired hypernatraemia)
• Sex (M/F): 21/13
• Mean age ± SD: 73.4 ± 5.1 years
• Nutritional status (mean ± SD, range): BMI (27.0 ± 5.2 kg/m2, 19 to 36) (for 22/
34 included participants, data not provided on the others)
Study design • Retrospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: unclear
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Heart rate (34 participants)
• Method: not stated
• Timing: within an hour of serum osmolarity blood sample
Fluid intake over 24 hours (34 participants)
• Method: including food and fluid, medications, enteral and parenteral nutrition
and infusions
• Timing: serum osmolarity blood sample taken within 30 minutes of the end of 24
hour fluid balance assessment
Urine volume over 24 hours (34 participants)
• Method: from 24 hour urine collections
• Timing: serum osmolarity blood sample taken within 30 minutes of the end of 24
hour urine collection
Fluid balance over 24 hours (34 participants)
• Method: calculated from fluid intake and fluid losses
• Timing: serum osmolarity blood sample taken within 30 minutes of the end of 24
hour fluid balance assessment
Urine osmolality (27 participants)
• Method: not stated
• Timing: serum osmolarity blood sample taken within 30 minutes of the end of 24
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• Of 981 people admitted to ICU 90 had hypernatraemia, of whom 69 developed
it on the ward so were eligible. 24 were excluded due to missing data by the study
authors. Of the remaining 45 participants 37 were aged at least 65 years, and 34 had
both serum osmolality and fluid intake data. 34 participants are included in most
analyses, but urine osmolality data were available for 27 participants only
Notes • Paper suggested that body temperature was measured, but these data were not in
the dataset we received. That serum osmolality was directly measured, and the timing
of the tests, were confirmed with study authors
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants were hospitalised
Yes: all appropriate patients were included
over a specified time period
Acceptable reference standard?
All tests
Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
Yes Serum osmolality sample taken within 1
hour of all index tests
Partial verification avoided?
All tests
No No: study retrospective
Yes: all received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests
Yes Gaps in the dataset clear (full dataset pro-
vided)
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Yes All participants were included that fit our
inclusion criteria
Free of commercial funding? Yes Paper states that no funding was used
Mack 1994
Clinical features and settings • Setting: healthy male volunteers aged at least 65 years
• Country: USA
• Aim: to examine the osmotic control of thirst and free water clearance in healthy
older (and younger) individuals during a 6.5 hour dehydration-rehydration protocol
Participants • Healthy male volunteers aged at least 65 years, who had passed a physical
examination and a stress test to ensure they could exercise safely
• Gender: 10 men
• Mean age ± SD (range): 69 ± 6.3 years (65 to 79)
• Nutritional status (mean ± SD, range): weight (77.3 ± 8.9 kg, 58.7 to 87.1); BMI
not provided
Study design • Prospective study (before/after design), participants were measured at baseline,
dehydrated through heat and exercise for 105 min, rested for 30 min, then allowed to
rehydrate for 180 min
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: freezing point depression
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests All data used were taken from the 30 min recovery period (when mean serum osmolality
was highest)
Urine volume (10 participants)
• Method: urine collected at 30 min after exercise ceased, multiplied up to volume
over 24 h
• Timing: serum osmolality blood sample taken at the same time as urine collection
Thirst (10 participants)
• Method: self-completed VAS thirst rating, VAS of 180 mm; 0 mm “not thirsty at
all”, 125 mm “extremely thirsty”
• Timing: serum osmolality blood sample taken at the same time as VAS completion
Follow-up Flow
• Of 10 people aged at least 65 who were eligible and recruited none were excluded
due to health problems or age or low serum osmolality. None were excluded due to
missing data on urine volume or thirst rating.
Notes • Paper suggested that urine osmolality and sweat osmolality were measured, but
these data were not in the dataset we received.
Table of Methodological Quality
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Item Authors’ judgement Description
Representative spectrum?
All tests
Unclear Yes: participants were living independently
in the community
Unclear: unclear how recruitment occurred
Acceptable reference standard?
All tests
Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests





All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes There did not appear to be any withdrawals
Free of commercial funding? Yes Funding was from National Institute on
Aging, and all authors have academic affil-
iations
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McGarvey 2010
Clinical features and settings • Setting: Auckland marathon participants
• Country: New Zealand
• Aim: to investigate the diagnostic accuracy of commonly used signs of
dehydration in marathon runners
Participants • Full marathon competitors
• Sex (M/F): 9/2
• Age: 65 to 69 years (7); 70 to 74 years (3); ≥ 75 years (1)
• Nutritional status (mean ± SD, range): weight (70.2 ± 10.0 kg, 55.2 to 88.5);
BMI not provided
Study design • Prospective diagnostic accuracy study, participants were measured at registration
and end of marathon
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Weight change
• Method: body weight change from race registration (on Thursday, Friday or
Saturday by personnel on duty) to following the marathon (held on the following
Sunday morning, weighed by another volunteer), both times in running clothes and
with shoes removed
• Cut-off: < 3% change in body weight versus ≥ 3% change
Index and comparator tests Sunken eyes (11 participants)
• Method: assessed by examiner
• Timing: immediately after the race and before drinking any fluids
Dry oral mucous membranes (11 participants)
• Method: visual assessment of tongue and inside of cheeks, by examiner in bright
daylight without a torch
• Timing: immediately after the race and before drinking any fluids
Reduced skin turgor on back of hand (11 participants)
• Method: assessed by pinching the middle of the back of the hand, and
subjectively deciding whether obviously altered, by examiner. Not formally timed.
• Timing: immediately after the race and before drinking any fluids
Unable to spit (11 participants)
• Method: asked to spit into a cup, marked as able to or not
• Timing: immediately after the race and before drinking any fluids
Feels thirsty (11 participants)
• Method: asked whether they feel thirsty
• Timing: immediately after the race and before drinking any fluids
Follow-up Flow
• Of 1068 competitors, 701 gave consent and were weighed at race registration. Of
these 606 were examined and weighed post-race, and of these 11 were aged at least 65
years, and included in this dataset
Notes
Table of Methodological Quality
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Item Authors’ judgement Description
Representative spectrum?
All tests
Yes Participants were living in community




No Reference standard was weight change, and
while exercise was not unusual in these par-
ticipants (they will have trained for the
marathon) it was not usual exercise for this
age group. Weight change was measured
12-72 hours before the race commenced,
and compared to immediately post-race
Acceptable delay between tests?
All tests
No Pre-marathon weight was measured at reg-
istration 12 to 72 hours before the race,
however the index tests were measured just
before the second assessment of weight
Partial verification avoided?
All tests








Yes Index tests and reference standard were dis-
tinct
Reference standard results blinded?
All tests
Yes The second weight was measured after the
index tests by a study volunteer who did
not assess the index tests and was not aware
of the results of these tests
Index test results blinded?
All tests
Yes Index tests assessed by first author, before




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Exclusions were explained.
Free of commercial funding? Yes Funding not mentioned in paper, but first
author states he covered the costs (which
were not high), all authors were employed
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by academic or health institutions
Monahan 2006
Clinical features and settings • Setting: hospitalised people with multiple BNP measurements
• Country: USA
• Aim: to assess whether BNP is influenced by factors other than volume status
Participants • Hospitalised people, not in ICU, with multiple BNP measurements
• Sex (M/F): 3/7
• Mean age ± SD, range: 79.0 ± 7.3 years, 67 to 90
• Nutritional status: unclear; BMI not provided
Study design • Retrospective study
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Weight change within 7 days
• Method: daily weight assessment
• Cut-off: < 3% of weight change versus ≥ 3% of weight change
Index and comparator tests Fluid balance over 24 hours (10 participants)
• Method: obtained from bedside flow sheets
• Timing: mean fluid balance over same period of weight assessment
Follow-up • Of 60 patients in the original paper we were provided with data from 40, of
whom 12 were aged < 65 years; heart failure (14), kidney failure (1); 3 did not have
weight data over an appropriate period, leaving 10 people in our dataset
Notes
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants hospitalised




No No: weight change
Yes: reviewers set our own cut-offs as we
had access to the full dataset
Acceptable delay between tests?
All tests





All did not have weight assessment
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No Fluid balance will affect weight change
Reference standard results blinded?
All tests
Unclear Weight measured, reviewers set cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests
Unclear Of the 60 participants in the dataset, we
had data for 40
Withdrawals explained?
All tests
Unclear Of the 60 participants in the dataset, we
had data for 40 (unclear why 20 missing)
Free of commercial funding? Unclear Funding (or lack of it) not reported, au-
thors provided academic affiliations
Perren 2011
Clinical features and settings • Setting: ICU patients
• Country: Switzerland
• Aim: to assess agreement between fluid balance and standardised body weight
measurements for patients in ICU
Participants • ICU patients, consecutive patients admitted between October 2006 and March
2007 who stayed for at least 9 hours
• Sex (M/F): 89/58 (for whole population, not just those aged ≥ 65)
• Mean age ± SD: 65 ± 16 years (for whole population)
• Nutritional status: no data
Study design • Prospective study
• 2 x 2 table published: no, dataset provided by authors
Target condition and reference standard(s) Weight change between admission and discharge to ICU
• Method: weight change between admission and discharge, only stays of 7 days or
less included (in standardised clothing following bed calibration)
• Cut-off: < 3% of weight change versus ≥ 3% of weight change (cut-off for
current dehydration at 5% weight change)
Index and comparator tests Fluid balance (27 participants)
• Method: sum of all daily fluid balance assessments (summing all daily inputs and
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outputs, including urine, GI and other drainage tubes, watery diarrhoea, estimated
insensible losses)
• Timing: daily, over period of ICU stay
Fluid intake (27 participants)
• Method: sum of total daily fluid inputs, using fluid balance chart, including all
fluids, nutrition, medications and blood products regardless of the route of
administration
• Timing: daily, over period of ICU stay
Urine output (27 participants)
• Method: sum of all daily urine output
• Timing: daily, over period of ICU stay
Follow-up • Of a total of 385 patients admitted to ICU during the study period 238 were
excluded due to missing body weight or fluid balance chart data, or very short stay
(leaving 147 participants). There were 151 patients in the original dataset provided to
the reviewers; aged < 65 years (63), kidney disease (10), cardiac insufficiency (33), in
shock (1), invalid weight data, as stayed in ICU longer than 7 days (2), surgical
procedure while in hospital (15). This left 27 participants to contribute data to the
systematic review
Notes
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants hospitalised
Yes: consecutive patients were eligible, but
excluded if body weight was not measured
at admissionor discharge, or if any one fluid
balance chart was incomplete
Acceptable reference standard?
All tests
No No: weight change
Yes: reviewers set our own cut-offs as we
had access to the full dataset
Acceptable delay between tests?
All tests




Unclear Yes: study prospective
No: those who did not have weight assess-
ment at admission or discharge were ex-
cluded (unclear how many)
Differential verification avoided?
All tests




No Fluid balance will affect weight change
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Reference standard results blinded?
All tests
Unclear Weight measured, reviewers set cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests





Free of commercial funding? Yes The authors stated that the study was un-
funded
Powers 2012
Clinical features and settings • Setting: inpatients and outpatients in a geriatric facility
• Country: USA
• Aim: to assess the relationship between TBW predicted by BIA, urine osmolality
and clinical criteria
Participants • Inpatients and outpatients at acute care for the elderly
• Sex (M/F): 8/14
• Mean age ± SD (range): 79.4 ± 8.6 years (65 to 94)
• Nutritional status (mean ± SD, range): BMI (27.4 ± 6.5, 14.7 to 41.0)
Study design • Prospective study (cross-sectional)
• 2 x 2 table published: no
Target condition and reference standard(s) Serum osmolarity, mOsm/L (calculated)
• Method: calculated by reviewers from serum electrolytes measured for study,
using osmolarity (2Na + 2K + urea/2.8 + glucose/18), with Na and K in mmol/L, urea
and glucose in mg/dL
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests Urine osmolality (22 participants)
• Method: measured by hospital clinical laboratory (method not stated), estimated
from USG in 4 of the original 63 participants.
• Timing: tests completed within 1 to 3 days of admission or in the outpatient
centre at time of routine office visits
Heart rate (22 participants)
• Method: no method stated
• Timing: tests completed within 1 to 3 days of admission or in the outpatient
centre at time of routine office visits
BIA resistance at 50kHz (22 participants)
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• Method: measured on left and right sides using a Real Time Analyzer, RJL
Systems, average of left and right measurements used for each participant
• Timing: tests completed within 1 to 3 days of admission or in the outpatient
centre at time of routine office visits
TBW by BIA at 50kHz (22 participants)
• Method: measured on left and right sides using a Real Time Analyzer, RJL
Systems, average of left and right measurements used for each participant
• Timing: tests completed within 1 to 3 days of admission or in the outpatient
centre at time of routine office visits
ECW by BIA at 50kHz (22 participants)
• Method: measured on left and right sides using a Real Time Analyzer, RJL
Systems, average of left and right measurements used for each participant
• Timing: tests completed within 1 to 3 days of admission or in the outpatient
centre at time of routine office visits
Follow-up • Of 82 volunteers, 63 participants were included in the published data. Of these
33 were excluded as having no serum sodium data, 4 for lacking serum urea, 2 for
having heart failure and 2 for having serum osmolarity < 275mOsm/L. This left 22
participants all aged at least 65 years
Notes • USG was collected in some participants, but available for only 3/22 participants,
so not assessed for review
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No:mixture of inpatient (hospitalised) and
outpatient (community dwelling) older
people




No No: calculated serum osmolarity
Yes: reviewers set our own cut-offs as we
had access to the full dataset
Acceptable delay between tests?
All tests
Unclear Unclear whether all tests conducted at same




No Prospective, but 37/63 participants did not
have serum osmolarity data
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
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Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Reviewers set cut-offs
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes There did not appear to be any with-
drawals, aside from reviewer exclusions
Free of commercial funding? Yes National Institutes of Health and the Bu-
reau of Health Professions
Rowat 2011
Clinical features and settings • Setting: hospitalised people with suspected stroke
• Country: UK
• Aim: to assess whether urine colour and specific gravity provide early warning of
dehydration in stroke patients
Participants • Patients admitted to a stroke unit with suspected ischaemic or haemorrhagic
stroke and at risk of dehydration (severe stroke, dysphagia, immobile and/or reduced
consciousness level)
• Sex (M/F): 7/11
• Mean age ± SD (range): 79.9 ± 6.0 years (67 to 88)
• Nutritional status: unclear; BMI not provided
Study design • Prospective study, participants were measured at baseline, and over the following
10 days
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolarity, mOsm/L (calculated)
• Method: calculated from serum electrolytes measured for study, using osmolarity
(2Na + 2K + urea + glucose), all in mmol/L
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests USG: dipstick (18 participants) & refractometer (17 participants)
• Method: assessed by dipstick (Multistix, Bayer) and by refractometer (digital
hand-held DR-303 Index instruments) - refractometer data used in analysis
• Timing: all assessments were taken on day 0, but timing was not more specific
Urine colour (17 participants)
• Method: on 8-point chart under constant lighting
• Timing: all assessments were taken on day 0, but timing was not more specific
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Skin turgor (18 participants)
• Method: site and method not specified in the study, the only instructions on the
form were “Doesn’t bounce back if pinched”, assessed as “yes” or “no”
• Timing: all assessments were taken on day 0, but timing was not more specific
Dry mouth (18 participants)
• Method: no specific instructions were provided to assessors, assessed as “yes” or
“no”
• Timing: all assessments were taken on day 0, but timing was not more specific
Blue lips (18 participants)
• Method: no specific instructions were provided to assessors, assessed as “yes” or
“no”
• Timing: all assessments were taken on day 0, but timing was not more specific
Sunken eyes (18 participants)
• Method: no specific instructions were provided to assessors, assessed as “yes” or
“no”
• Timing: all assessments were taken on day 0, but timing was not more specific
Follow-up • All patients admitted to the stroke unit between 1 April 2007 and 30 April 2008
were assessed for inclusion. 20 were suitable and gave their informed consent, 2 were
omitted from our analysis as they were aged < 65 years, 18 were included in the review
dataset. Data on urine colour and specific gravity by refractometer missing in one
participant with serum osmolarity > 300 mmol/L
Notes • Nurse assessment was also recorded, but no specific instructions were provided,
and the authors stated that “assessment may have included information regarding
blood tests data and USG (dipstick)” - so these data were not included in this
systematic review. Index tests were carried out on days 1 to 10 of the study, but as
serum osmolarity was only calculable at baseline, only baseline index test data have
been used in the review
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants hospitalised




No Serum osmolarity (calculated rather than
measured serum osmolality)
Acceptable delay between tests?
All tests
Unclear All measurements appear to have been




All received the reference standard
Differential verification avoided?
All tests
Yes The same reference standard was used for
all participants
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Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Reviewers set cut-offs
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes There did not appear to be any with-
drawals, aside from reviewer exclusions
Free of commercial funding? Yes Funded by NHS Lothian Research and
Development, authors employed as health
professionals or academics
Shimizu 2012
Clinical features and settings • Setting: older patients with acute medical conditions
• Country: Japan
• Aim: to assess the utility of physical signs of dehydration in the elderly
Participants • Patients aged at least 65 years who presented to an acute care teaching hospital and
consecutively admitted to the Department of Medicine with acute medical conditions
• Sex (M/F): 17/12
• Mean age ± SD (years): dehydrated males (84.0 ± 4.2); dehydrated females (85.0
± 7.5); hydrated males (83.3 ± 6.4); hydrated females (89.5 ± 5.3)
• Nutritional status: BMI not provided
Study design • Prospective study (cross-sectional)
• 2 x 2 table published: yes, data provided in published papers
Target condition and reference standard(s) Serum osmolarity, mOsm/L (calculated)
• Method: calculated using osmolarity (2Na + glucose/18 + BUN/2.8), where BUN
is blood urea nitrogen
• Cut-off: ≤ 295 versus > 295 mOsm/L (slightly different from the review cut-off )
Index and comparator tests Dry mouth (27 participants)
• Method: assessed by internal medicine residents, present when both mucous
membrane and tongue were dry by inspection
• Timing: time between blood sample and assessment of mouth unclear
Dry axilla to touch (29 participants)
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• Method: assessed by internal medicine residents, present when bilateral axillary
skin was dry when palpated using examiners second to fifth fingers
• Timing: time between blood sample and assessment of axilla unclear
Dry axilla to skin moisture meter (29 participants)
• Method: assessed by internal medicine residents, measured while patient supine at
centre of axilla, with a skin moisture meter (MCE-3259, Macros Corporation)
• Timing: time between blood sample and assessment of axilla unclear
Sunken eyes (29 participants)
• Method: assessed by internal medicine residents, present when bilateral eyeballs
seemed abnormally sunken
• Timing: time between blood sample and assessment of eyes unclear
Skin turgor (29 participants)
• Method: assessed by internal medicine residents, abnormal when anterior chest
skin returned to its normal position slowly after being pinched between examiners
thumb and forefinger
• Timing: time between blood sample and assessment of skin unclear
Capillary refill time (27 participants)
• Method: assessed by internal medicine residents, slow when normal colour took
more than 2 seconds to return after distal phalanx of patient’s middle finger was
compressed for 5 sec when level with the patients heart
• Timing: time between blood sample and assessment of finger unclear
Consciousness level (27 participants)
• Method: assessed by primary physicians, noted as decreased or normal
• Timing: time between blood sample and assessment of consciousness unclear
Follow-up • Consecutively admitted patients with informed consent: data for 29 are presented
in one paper, 27 in the other (unclear why there is a difference)
Notes • Requested dataset from authors so that we could analyse tests against measured
serum osmolality (rather than calculated serum osmolarity), and omit any participants
with heart failure. Not obtained to date
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants were in hospital and
acutely ill
Unclear: all those who were eligible and




No Serum osmolarity (calculated rather than
measured serum osmolality)
Acceptable delay between tests?
All tests
Unclear Timing unclear
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All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, standard cut-
off
Index test results blinded?
All tests
Yes Dichotomous and continuous data, re-




Unclear Unclear whether clinical information was




Unclear 2 participants missing for some index tests
Withdrawals explained?
All tests
Unclear 2 participants missing for some index tests
Free of commercial funding? No One author worked for Terumo Corpora-
tion which manufactures and sells medical
products and equipment
Sjöstrand ED 2013
Clinical features and settings • Setting: elderly people attending an emergency room of a tertiary care centre
• Country: Sweden
• Aim: to describe fluid status in young and older patients in an emergency
department setting, using volume kinetics and signs of dehydration
Participants • People aged 75 to 97 years old who attended the emergency room of a tertiary
care centre and who were not terminally ill, and without heart failure (NYHA IV),
renal insufficiency, cognitive dysfunction, chest pain, arrhythmias, open fractures or
required immediate emergency room attention. People aged 20 to 39 years were also
included in the study, but not in the review analysis
• Sex (M/F): 17/23
• Mean age ± SD (range): 83.9 ± 6. years (75 to 97)
• Nutritional status (mean ± SD, range): BMI (23.7 ± 4.9 kg/m2, 11.2 to 35.4)
(BMI data provided for 39/40 participants)
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Study design • Prospective study, observational, participants were measured at baseline, then
during volume expansion (through infusion of buffered crystalline glucose solution.
Baseline data only are used for this analysis
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: measured with an osmometer (Fiske 2400, Advanced Instruments,
Norwood MA)
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Urine colour (36 participants)
• Method: using Armstrong colour chart
• Timing: assessed on baseline urine sample
Urine osmolality (38 participants)
• Method: measured with an osmometer (Fiske 2400, Advanced Instruments,
Norwood MA)
• Timing: assessed on baseline urine sample
Participant expression of symptoms (31 participants)
• Method: asked (in a paper-based questionnaire, with verbal instructions) whether
was experiencing the symptom, and if “yes” asked to state severity on 100 mm VAS
(with no symptoms marked as 0), severe symptoms at top of scale. Symptoms included
balance problems, headache, nausea, dry mouth, muscle weakness, tiredness, thirst,
dizziness.
• Timing: time 0 (baseline) before infusion, the same time as serum osmolality
blood sample obtained
Follow-up • 168 patients were asked whether they would like to participate, of whom 102
were excluded as they did not meet the inclusion criteria (79) or did not give informed
consent or presented logistic problems. Of the 66 participants recruited, 41 were aged
at least 70, the remaining 15 participated in the younger group (not analysed here).
One of the 41 was excluded as unrealistic (serum osmolality of 445), leaving 40 in our
dataset. Of these 36 had urine colour data, 38 had urine osmolality, and 31 provided
data on symptoms
Notes • Data were also collected on heart rate and USG but not provided by the authors
(as they were stored in a separate location and not accessible). Data were also collected
on BIA (USD 6000 bioimpedance machine) but the data were not provided as the
author felt that the equipment did not reflect the large changes in body composition
achieved in this intervention, and that its use was difficult in the older people included
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
No No: participants were attending an emer-
gency room
Unclear: unclear how recruitment occurred
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Acceptable reference standard?
All tests
Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
Yes Data were all taken from study baseline,








Yes All had serum osmolality (directly mea-
sured) as the reference standard
Incorporation avoided?
All tests
Yes The index tests did not form any part of
the reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Reviewers set cut-offs
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Missing data on urine colour, urine osmo-
lality, and symptoms were due to partici-
pants being too ill, not being able to get to
the toilet, and lack of an examination room
in the emergency department (so that some
interviews took place in the corridor where
privacy could not be assured)
Free of commercial funding? Yes Financial support was provided through
the regional agreement on medical train-
ing and clinical research (ALF) between
Stockholm County Council and Karolin-
ska Institutet and an unrestricted grant by
Masimo Inc., Irvine, CA. (Masimo Inc pro-
duce the spectrophotometric adhesive sen-
sor used to monitor haemoglobin concen-
tration, peripheral perfusion index, oxygen
saturation, and pulse rate). These measures
were not relevant to our review
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Clinical features and settings • Setting: Elderly volunteers
• country: Sweden
• Aim: to examine effects of drinking versus intravenous infusion of a set volume of
fluid (crossover intervention study, data compared between older and younger people)
Participants • People aged 70 to 90 years old who responded to advertisements and without
dementia, heart failure (NYHA III-IV), and not taking diuretics or ACEi medications
• Sex (M/F): 6/7
• Mean age ± SD (range): 81.2 ± 4. years (74 to 88)
• Nutritional status (mean ± SD, range): BMI (25.1 ± 3.9 kg/m2, 18.6 to 31.1)
(BMI data provided for 11/13 participants)
Study design • Prospective study, cross-over intervention study, participants were measured at
baseline, then during fluid infusion or consumption, but baseline data on iv visit only
used in this analysis
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: measured with an osmometer (Fiske 2400, Advanced Instruments,
Norwood MA)
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests USG (12 participants)
• Method: urine test strips (Urisys 1100 and Combur 10 Test M, both from Roche
Diagnostics, Scandinavia, Bromma, Sweden)
• Timing: time 0 (baseline) in IV arm of intervention study, the same time as serum
osmolality blood sample obtained
Urine colour (10 participants)
• Method: using Armstrong colour chart
• Timing: assessed on baseline urine sample
Urine osmolality (13 participants)
• Method: measured with an osmometer (Fiske 2400, Advanced Instruments,
Norwood MA)
• Timing: assessed on baseline urine sample
Heart rate (13 participants)
• Method: digital blood pressure monitor (Omron, Kyoto, Japan)
• Timing: time 0 (baseline) in IV arm of intervention study, the same time as serum
osmolality blood sample obtained
Participant expression of symptoms (13 participants)
• Method: asked whether was experiencing the symptom, and if “yes” asked to state
severity on 100 mm VAS (with no symptoms marked as 0), severe symptoms at top of
scale. Symptoms included balance problems, headache, nausea, dry mouth, muscle
weakness, tiredness, thirst, dizziness
• Timing: time 0 (baseline) in IV arm of intervention study, the same time as serum
osmolality blood sample obtained
Follow-up • Thirteen appropriate older volunteers were found, none dropped out, 13 people
aged at least 70 had serum osmolality measures and of these all had urine osmolality,
heart rate and symptom data, 12 had USG and 10 had urine colour
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Notes • Data were also collected on BIA (USD 6000 bioimpedance machine) but the data
were not provided as the author felt that the equipment did not reflect the large
changes in body composition achieved in this intervention, and that its use was
difficult in the older people included
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Unclear Yes: participants were free-living volunteers
Unclear: unclear how recruitment occurred
Acceptable reference standard?
All tests
Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
Yes Data were all taken from study baseline,








Yes All had serum osmolality (directly mea-
sured) as the reference standard
Incorporation avoided?
All tests
Yes The index tests did not form any part of
the reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Reviewers set cut-offs
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Author reports no withdrawals
Free of commercial funding? Yes Funded by Stockholm County (PickUp
Funding)
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Clinical features and settings • Setting: residents of 6 long-stay or step-down institutions
• Country: France
• Aim: to validate BIA equations derived to estimate TBW and ECW in healthy
elderly people
Participants • People aged at least 60 years living in French institutions who gave written
informed consent (could have infections, organ failure, weight loss, heart failure,
kidney failure, stroke or hydration problems, but not limb abnormality, artificial
nutrition, ascites, intensive care or end of life)
• Sex (M/F): 61/103
• Mean age ± SD (range): 82.6 ± 7.4 years (65 to 97)
• Nutritional status (mean ± SD): BMI (60 men: 23.9 ± 4.0; 103 women: 24.9 ± 4.
8)
Study design • Prospective study (cross-sectional)
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolarity, mOsm/L (calculated)
• Method: calculated by researchers from serum electrolytes measured for study,
using osmolarity (2Na + 2K + urea + glucose), all in mmol/L
• Cut-off: < 295 versus ≥ 295 mOsm/L
Index and comparator tests Skin turgor, thigh (162 participants)
• Method: presence or not of skin turgor, coded as “lasting skinfold on anterior side
of the thigh” or normal
• Timing: unclear, all measurements appear to have been taken over 5 hours
Mucosal dryness (164 participants)
• Method: not described, coded as abnormal (dry) or normal
• Timing: unclear, all measurements appear to have been taken over 5 hours
Feeling of Thirst (164 participants)
• Method: asked “Do you feel thirsty?”, answered yes or no
• Timing: unclear, all measurements appear to have been taken over 5 hours
Presence of bed sores (164 participants)
• Method: not described, coded as yes or no
• Timing: unclear, all measurements appear to have been taken over 5 hours
TBW assessed by 18O isotope dilution as % body weight (157 participants)
• Method: 50 g of 2% 18O-enriched water was given orally, plasma and urine
samples were taken at baseline and 4 and 5 hours after the isotope dose
• Timing: unclear, all measurements appear to have been taken over 5 hours
ECW assessed by bromide dilution as % of TBW (76 participants)
• Method: 20 g potassium bromide syrup (1 g bromide) was given to half the
participants, plasma and urine samples were taken at baseline and 4 and 5 hours after
the isotope dose
• Timing: unclear, all measurements appear to have been taken over 5 hours
Follow-up • Of 177 participants in the original dataset, 5 were excluded as they were aged <
65 years, and 8 more excluded from our data analysis as they lacked serum potassium
data, data were analysed on 164 people. Only half the sample had bromide dilution
(76), and some individuals had missing data for TBW (7) and skin turgor (1)
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Notes • We were unable to omit those with heart or kidney failure. Impedance data at 5,
50 and 100 kHz were measured but not available for analysis (left in previous place of
work)
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Unclear Yes: participants were living in long-term
or step-down care
Unclear: unclear how recruitment occurred
Acceptable reference standard?
All tests
No Serum osmolarity (calculated rather than
measured serum osmolality)
Acceptable delay between tests?
All tests
Unclear All measurements appear to have been




All (except 5 with no potassium data) re-
ceived the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Unclear Yes: for continuous data reviewers set cut-
offs
Unclear: for dichotomous data (yes/no)
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes There did not appear to be any with-
drawals, aside from reviewer exclusions
Free of commercial funding? No Supported by the Institut de l’Eau Perrier
Vittel
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Stookey 2005
Clinical features and settings • Setting: nationally representative sample of older people
• country: USA
• Aim: to assess the prevalence of dehydration in older people
Participants • Non-institutionalised people aged at least 65 years who participated in the Third
National Health and Nutrition Examination Survey (NHANES III, see http://www.
cdc.gov/nchs/nhanes.htm) including non-Hispanic white, non-Hispanic African-
American and Mexican-American respondents
• sex (M/F): 945/1002
• Mean age ± SD (range): 74.8 ± 6.8 (65 to 90)
• Nutritional status (mean ± SD): BMI (27.0 ± 5.0)
Study design • Prospective study (cross-sectional)
• 2 x 2 table published: no, dataset provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: not stated
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests TBW assessed by BIA as % body weight (1946 participants)
• Method: single frequency (50 kHz) BIA (Valhalla Scientific Body Composition
Analyzer, model 1990), measured in supine position with electrodes attached to the
right wrist, hand, ankle and foot
• Timing: BIA and blood sample for serum osmolarity taken during a single mobile
centre interview
BIA resistance at 50 kHz (1947 participants)
• Method: as above
• Timing: BIA and blood sample for serum osmolarity taken during a single mobile
centre interview
Follow-up • Of 18,110 participants in NHANES III, 14,855 people had phlebotomy data and
were included in the original dataset, and of these 3688 were aged at least 65. Of these,
342 were removed as they had heart failure or oedema, 360 had serum osmolality less
than 275 mOsm/kg, 877 did not have a measured serum osmolality, and 162 did not
have any BIA measures. This left 1947 participants for inclusion in the review
Notes • Total fluid intake was also assessed (all fluids except pure water recorded in a
single 24-hour recall), but this was not used due to the exclusion of water in fluid
intake assessment. Serum tonicity was also calculated from serum sodium, potassium
and glucose (we used serum osmolality as the reference standard instead)
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Yes Participants were living in the community
Recruitment ensured a representative sam-
ple of the population
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Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
Unclear BIA and blood sample for serum osmolar-





All those included received the reference
standard so long as there was a large enough








Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests




Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Some data were missing but this appeared
to be due to blood sample handling
Free of commercial funding? Yes NHANES was funded by the National
Center forHealth Statistics, Stookey’s anal-
ysis by theNationalHeart, Lung andBlood
Institute
Stotts 2009
Clinical features and settings • Setting: nursing home residents at risk for pressure ulcers
• Country: USA
• Aim: to assess whether supplemental fluid intake enhances collagen deposition,
body water and subcutaneous tissue oxygenation, and is safe
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Stotts 2009 (Continued)
Participants • Nursing home residents expected to remain resident for at least 3 weeks, at risk for
pressure ulcers (Braden Scale Score ≤ 18) with BMI 20 to 29.9 kg/m2 and white blood
cell count ≥ 2000/mm³, excluding those with heart failure, chronic kidney disease,
recent acute illness, glycosylated haemoglobin > 8% or known or suspected dehydration
• Sex (M/F): 17/31
• Mean age ± SD (range): 80.0 ± 8.1 years (65 to 95)
• Nutritional status: BMI not stated
Study design • Prospective study (RCT of fluid intervention)
• 2 x 2 table published: no, dataset (of baseline data) provided by author
Target condition and reference standard(s) Serum osmolality, mOsm/kg (directly measured)
• Method: not stated
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Fluid intake over 24 hours (48 participants)
• Method: including drinks and foods liquid at room temperature, observed by
research nurse from 8 am to 8 pm (measured with graduated cylinder) and by facility
staff from 8 pm to 8 am
• Timing: serum osmolality blood sample was taken on day 1, the 24 hour fluid
intake on day 2 of the study baseline period
Type of fluid intake (48 participants)
• Method: participants were classified as oral intake without thickener, oral intake
with thickener or nasogastric feed
• Timing: serum osmolality blood sample and type of fluid intake appear to
correspond in time (day 2 during study baseline)
Follow-up • Of 2443 nursing home residents screened 311 were eligible (261 were unclear,
1871 ineligible), of whom 181 refused and the doctor of 66 refused, so that 64 were
enrolled in the study and randomly assigned (53 completed). Of 62 participants in the
dataset received by the review (on day 2, during the observation period before the
intervention), 3 were removed as they were aged < 65 years, 9 had no measured serum
osmolality (as 1 was returned as a lab error and 8 dropped out as 2 were in hospital, 2
had raised blood sugars, 2 had infections and 2 withdrew) and 2 had serum osmolality
< 275 mOsm/kg, so our analysis was on the remaining 48 participants
Notes • TBW was also assessed by BIA (single frequency 50 kHz RJL Quantum II
machine, participant supine and electrodes placed on right metatarsals and ankle and
metacarpals and wrist and measurements completed in less than a minute) however not
reported as a proportion of body weight, so not used
Table of Methodological Quality
Item Authors’ judgement Description
Representative spectrum?
All tests
Yes Participants were living in nursing homes
All those who were eligible and gave con-
sent were enrolled
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Yes Measured serum osmolality
Reviewers set our own cut-offs as we had
access to the full dataset
Acceptable delay between tests?
All tests
No Serum osmolality on day 1, 24-hour fluid




All received the reference standard
Differential verification avoided?
All tests




Yes The index tests did not form part of the
reference standard
Reference standard results blinded?
All tests
Yes Biochemical measures used, reviewers set
cut-offs
Index test results blinded?
All tests
Yes Data were continuous, reviewers set cut-
offs, data collectors were not informed of
lab findings, so were blinded
Relevant clinical information?
All tests
Yes Assessmentsmade by reviewerswithout ref-
erence to clinical data
Uninterpretable results reported?
All tests




Yes Most exclusions were by reviewers (only 2
lost from dataset)
Free of commercial funding? Yes Funding from National Institute of Nurs-
ing Research, all authors appear affiliated
to health or academic institutions
ACEi - angiotensin-converting enzyme; BIA - bioelectrical impedance analysis; BMI - body mass index; BNP- B-type natriuretic
peptide; CAM - confusion assessment method; DEQ - dry eye questionnaire; ECF - extracellular fluid; ICF - intracellular fluid;
ICU - intensive care unit; IV - intravenous; M/F - male/female; MMSE - mini-mental state exam; NITBUT - non-invasive tear film
break up time; TBW - total body water; USG - urine specific gravity; VAS - visual analogue scale
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Characteristics of excluded studies [ordered by study ID]
Study Reason for exclusion
Albert 1989 Authors replied that they could not find the dataset, but would forward it if found
Bennett 2004 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Bourdel-Marchasson 2004 It appears that the dataset includes a reference standard (serum osmolality) and index tests (thirst, dry
mouth, axillary dryness, ocular membrane dryness, skin elasticity and body temperature) but not in a
format that can be utilised in the review, and no dataset received
Bowser-Wallace 1985 Contact replied that main collaborators have died, so no-one has access to the dataset any longer
Bruzzone 2004 The published paper suggests that data were collected on a reference standard (weight change) and at
least one index test (fluid balance, which is likely to include assessment of fluid intake), however data
are not in a format that can be used for this review and contact not established with author
Buffa 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Chen 2006 The published paper suggests that data were collected on a reference standard (plasma osmolality) and
at least one index test (urine volume), however data were not in a format that could be used for this
review, and contact with the authors could not be established
Chen 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Cooper 1991 Author replied that they did collect relevant reference standard data, but no longer have access to the
dataset
Cunneen 2011 The contact author replied that they did not collect a relevant reference standard
Davies 1995 The first author replied that he is no longer able to find the dataset
Dijkstra 1998 It is not clear from the published paper whether data were collected on a reference standard and/ or at
least one index test (as it was not clear how dehydration status was assessed), and contact not established
with author
Faull 1993 Authors state that they no longer have access to the original dataset, and the thesis did not contain
enough data for our analysis
Forsyth 2008 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Fredrix 1990 The authors replied that the data are no longer available
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Fuller 1996 Dataset received in full, but no data available on serum osmolality, short term weight change or serum
data that would allow calculation of serum osmolarity
Gaspar 2009 Full dataset provided by author. 70 religious sisters had serum osmolality and BIA measured but none
had serum osmolality of at least 295 mOsm/kg, so the data could not be used
Gaspar 2011b Author confirmed that none of our reference standards was measured
Gil Cama 2003 The published paper suggests that data were collected on a reference standard (weight change) and at
least one index test (fluid balance, which is likely to include assessment of fluid intake), however data
are not in a format that can be used for this review and contact could not be established with author
Gross 1992 Author replied that they no longer had the data
Hodkinson 1981 The study appears to have assessed an index test (mental test score and “assessment of dehydration”,
method unclear) and may have assessed serum osmolarity (calculated, if serum sodium, potassium,
glucose and urea are all available) but contact not established with the authors to confirm
Holben 1999 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Hoyle 2011 The published paper suggests that data were collected on at least one index test (BIA assessment of
TBW, orthostatic hypotension), however it was not clear whether data were collected on at least one
reference standard, and contact could not be established with the author
Johnson 1994 The first author replied to our query and stated that the raw data for his study had not been kept, and
are no longer available
Kayser-Jones 1999 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Kehayias 2012 Author confirmed that they did not collect reference standard data
Kuo 2002 The published paper suggests that data were collected on at least one index test (USG), however it
was not clear whether data were collected on at least one reference standard, and contact could not be
established with the author
Leibovitz 2007 The author replied that the person who carried out the statistical analyses and kept the data is no longer
available, so the data are no longer accessible
Leiper 2005 The published paper suggests that data were collected on a reference standard (weight change) and at
least one index test (urine volume, urine osmolality), however data are not in a format that can be used
for this review and contact could not be established with author
Lennox 1980 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
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Martof 1997 The published paper suggests that data were collected on a reference standard (serum osmolality and
weight change) and at least one index test (fluid balance, fluid intake, urine volume, sunken eyes, dry
mucous membranes, tenting), however data are not in a format that can be used for this review and
contact could not be established with author
Mentes 2003 Authors state that they did not collect any reference standard data
Mentes 2008 Saliva osmolality collected, but no reference standard measured
Meuleman 1992 Authors state that they no longer have access to the dataset
Morgan 2002 The published paper suggests that data were collected on a reference standard (serum osmolality) and
at least one index test (heart rate), however data are not in a format that can be used for this review and
contact could not be established with author
Morgan 2003 The published paper suggests that data were collected on a reference standard (serum osmolality) and
at least one index test (urine osmolality, USG), however data are not in a format that can be used for
this review and contact could not be established with author
Norman 2007 The published paper suggests that data were collected on at least one index test (BIA assessment of
TBW), however it was not clear whether data were collected on at least one reference standard, and
contact could not be established with the author
O’Neill 1992 Authors replied that they no longer have access to the dataset
O’Neill 1997 Authors replied that they no longer have access to the dataset
Olde Rikkert 1997 Authors replied that datasets have been lost in computer upgrades
Olde Rikkert 1998 Authors replied that datasets have been lost in computer upgrades
Palevsky 1996 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Perrier 2013 Participants were aged 25 to 40 years, none were aged ≥ 65 years
Phillips 1984 Professor Rolls posted us the PhD thesis that this paper was based on, but unfortunately it did not
contain enough detail for us to create 2x2 tables (for serum osmolality versus. thirst, dry mouth, water
intake and bad taste). Professor Phillips confirmed that the original datasets could not be located
Piccoli 2000 The published paper suggests that data were collected on a reference standard (plasma osmolality) and
at least one index test (BIA), however data are not in a format that can be used for this review and
contact could not be established with author
Powers 2009 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
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REGARDS Study 2010 Primary investigator, George Howard, replied and Mary Cushman confirmed, that this study did not
collect a reference standard
Rhodes 1995 The published paper suggests that data were collected on at least one index test (intra ocular pressure,
orthostatic hypotension), however it was not clear whether data were collected on at least one reference
standard, and contact could not be established with the author
Rikkert 1997 Authors replied that datasets have been lost in computer upgrades
Roberts 1991 The published paper suggests that data were collected on a reference standard (weight change) and at
least one index test (urine osmolality, urine output), however data are not in a format that can be used
for this review and contact could not be established with author
Robinson 1985 The published paper suggests that data were collected on at least one index test (orthostatic hypotension,
skin turgor, axillial moisture, tongue, vein filling), however it was not clear whether data were collected
on at least one reference standard, and contact could not be established with the author
Roos 1995 It appears that the dataset includes a reference standard (weight change) and index tests (BIA assessment
of TBW, skin turgor, dry mucous membranes, sunken eyes) but not in a format that can be utilised in
the review, and no contact could be established with researchers
Rosher 2004 It appears that the dataset includes a reference standard (weight change) and index tests (BIA assessment
of TBW, ECW, foot vein filling, skin turgor, dry mucous membranes, sunken eyes, tongue furrows,
pulse rate) but not in a format that can be utilised in the review, and no contact could be established
with researchers
Rosler 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Rudolph 2011 Authors replied that they did not collect any data we could use as a reference standard (no serum
osmolality or components of osmolarity)
Savalle 2012 Corresponding author replied to say that no reference standard was collected
Schols 1991 Authors replied that the data were gathered too long ago to be recollected
Schut 2005 It appears that the dataset includes a reference standard (plasma osmolality) and index tests (BIA
assessment of TBW, dry tongue, tongue furrows, thirst perception, heart rate, orthostatic hypotension,
dry mucous membranes) but not in a format that can be utilised in the review, and no dataset received
(researcher stated he was ill and would consider this when he recovered)
Seinela 2003 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Shim 1987 It appears that the dataset aimed to induce dehydration but this was not clearly confirmed using a
reference standard. Index tests (sputum production and elasticity) were assessed. No contact could be
established with the authors
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Ship 1997 Dena Fischer replied that she had no access to the raw data, and that her colleague, J Ship, had died
Shiraki 1980 It appears that the dataset includes a reference standard (serum osmolality) and index tests (urine output)
but not in a format that can be utilised in the review, and no dataset received as contact could not be
established with the authors
Simmons 2001 The authors replied that they no longer have access to the original dataset
Singh 2013 No participants were aged at least 65 years
Siregar 2010 Urine osmolality assessed in elderly people but no reference standard collected
Spangler 1998 The published paper suggests that data were collected on at least one index test (fluid intake), however
it was not clear whether data were collected on at least one reference standard. The authors suggested
that no reference standard was collected, but did not confirm this
Sugaya 2008 It appears that the dataset includes a reference standard (serum osmolality) and index tests (urine
osmolality) but not in a format that can be utilised in the review, and no dataset received as contact
could not be established with the authors
Suhr 2004 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Suhr 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Szewczyk 2008 The published paper suggests that data were collected on at least one index test (fluid intake), however
it was not clear whether data were collected on at least one reference standard, and contact could not
be established with the author
Takahashi 1997 The publishedpaper suggests that datawere collected on at least one reference standard (serumosmolality
and osmolarity) and index test (BIA, TBW) but the data were not in a format that could be used directly
in the review, the ages of participants were unclear, and contact could not be established with the authors
Telfer 1965 Authors replied that data are now missing and could not be found following extensive contact with
several possible institutions
Thomas 2003 It appears that the dataset includes a reference standard (serum osmolality) and index tests (orthostatic
blood pressure change) but not in a format that can be utilised in the review, and no dataset received
(discs containing statistical data not found, and new statistical programme now used)
Tonstad 2006 Authors replied that they were not able to access the dataset due to computer problems (also, few aged
> 65 years)
Vache 1998 The only index tests used were TBW as a percentage of body weight by 18O isotope dilution and ECW
as a percentage of TBW by bromide dilution. These methods were decided to be too complex to be
useful signs to use in the community
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van der Steen 2007 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
van Kraaij 1999 It appears that the dataset includes a reference standard (weight change and plasma osmolality) and
index tests (dry oral mucosa, thirst, blood pressure, heart rate) but not in a format that can be utilised
in the review, and contact could not be established with the authors
Vazquez 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Vivanti 2008 Authors provided dataset including serum osmolality, but none of the participants serum osmolality
measures was greater than 291 mOsm/kg (so none had impending or current dehydration) so the data
could not be used
Vivanti 2010 Authors confirmed that they did not collect data on serum osmolality, short term weight change or
serum data that would allow calculation of serum osmolarity
Wakefield 2002a The dataset includes a reference standard (serum osmolality) and index tests (urine colour, urine osmo-
lality, USG) in 89 cognitively intact older people aged at least 65 years and staying in an acute care or
rehabilitation unit, however authors are unable to share the dataset with the review
Wakefield 2002b The dataset includes a reference standard (calculated serum osmolarity) and index tests (fluid balance,
which may include fluid intake and urine output) in 117 older people aged at least 65 years admitted
to general medical units, however authors are unable to share the dataset with the review
Wakefield 2008 The dataset includes a reference standard (calculated serum osmolarity and measured serum osmolality)
and index tests (skin turgor, dryness of oral mucosa, urine output) in people admitted to hospital with
dehydration or who developed dehydration during their stay. Some participants were aged at least 65
years, however authors are unable to share the dataset with the review
Waldreus 2010 The first author replied that they did not collect a reference standard
Weinberg 1994a It appears that the dataset includes a reference standard (serum osmolality) but not necessarily an index
test and no contact could be established with the authors
Weinberg 1994b It appears that the dataset includes a reference standard (serum osmolality) but not necessarily an index
test and no contact could be established with the authors
Weiss 2012 Unclear whether any reference standard was measured, but index tests (nocturia, sleep quality) were
assessed. Contact could not be established with the authors
Wise 2000 It appears that the dataset includes a reference standard (weight change) and index tests (fluid balance)
but not in a format that can be utilised in the review, and no contact could be established with the
researchers
Yoshihara 2007 The published paper suggests that data were collected on at least one index test (saliva spinability),
however it was not clear whether data were collected on at least one reference standard, and contact
could not be established with the author
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Yoshikawa 2012 Unclear whether any reference standard was collected, contact could not be established with study
authors
BIA - bioelectrical impedance analysis; ECW - extracellular water; TBW - total body water; USG - urine specific gravity
Characteristics of ongoing studies [ordered by study ID]
Fortes 2014
Trial name or title Walsh & Fortes Saliva Study
Target condition and reference standard(s) Plasma osmolality, mOsm/kg (directly measured)
• Method: depression of freezing point (Model 330 MO, Advanced Instruments
Inc, MA)
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Heart rate (130 participants)
• Tachycardia (resting heart rate > 100 BPM) assessed as yes/no
Low resting systolic blood pressure (130 participants)
• < 100 mmHg; assessed as yes/no
Dry mucous membrane (130 participants)
• Clinical research fellow looked at inside of cheek and assessed as dry versus wet
Axillary dryness (130 participants)
• Assessed by clinical research fellow palpating under armpit, dry versus wet
Poor skin turgor (130 participants)
• Pinching skin on the dorsum of the hand, observing whether skin fold returned
to normal immediately, yes/no
Sunken eyes (130 participants)
• Assessed subjectively by clinical research fellow, as yes/no)
Long capillary refill time (130 participants)
• > 2 sec after holding hand at heart level, blanching right index finger and
assessing time to return of normal colour
Assessment of dehydration (130 participants)
• According to assessor’s gut feeling
Saliva flow rate (130 participants)
• Unstimulated saliva collected from a pre-weighed absorbent swab, Versi-sal,
Oasis Technologies, placed under tongue for 4 minutes, assuming saliva density was 1
g/ mL; µL/min
Saliva osmolality
• Sample taken from Versi-Sal, centrifuged at 1500 g for 10 min to harvest saliva,
analysed as for plasma osmolality) (98 participants insufficient saliva for analysis, < 20
µL, collected from 32 participants)
Urine colour
• Mid-flow urine sample analysed immediately for urine colour as in Armstrong
1998) (45/84 participants not able to urinate in 30 minute time frame, 1 participant
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had blood in urine)
USG
• sample as above, analysed using Atago handheld refractometer, Atago, Japan (45/
85 participants not able to urinate in 30 minute time frame
Timing
• All tests (index tests followed by blood sample for reference standard) carried out
within 30 minutes.
Starting date May 2011
Contact information Professor Neil Walsh, School of Sport, Health and Exercise Science, Bangor University,
George Building, Holyhead Road, Bangor, Gwynedd LL57 2PZ, UK. n.walsh@bangor.
ac.uk
Notes Protocol provided as personal communication, data collection and analysis complete
and being prepared for publication as of November 2013
Hooper 2012
Trial name or title DRIE (Dehydration Recognition In our Elders)
Target condition and reference standard(s) Plasma osmolality, mOsm/kg (directly measured)
• Method: depression of freezing point
• Cut-off: < 295 versus ≥ 295 mOsm/kg
Index and comparator tests Heart rate and blood pressure
• Assessed as a continuous measure
Tongue and mouth
• Various measures of dryness, tongue furrows, coated tongue, saliva consistency
Axillary dryness
• Assessed by palpating under armpit
Skin turgor
• Pinching skin on the dorsum of the hand, inner lower arm, foot, sternum, at
various angles, skin return timed
Sunken eyes
• Assessed subjectively as yes/no
Capillary refill time
• Blanching nail of middle finger, and just above nail, assessing time to return of
normal colour
Assessment of dehydration
• According to assessor’s gut feeling, and carers assessment of risk
Urine volume, colour, USG and dipsticks
Questions
• Including feelings of thirst, tiredness, headache, dry tongue, dry eyes
Drinks
• Schedule, missing drinks, variety of drinks
MMSE
• cognition test
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Timing
• All tests carried out within 120 minutes of blood test for later analysis of serum
osmolality
Starting date March 2012
Contact information Lee Hooper: l.hooper@uea.ac.uk
Notes This is an ongoing study, recruiting 200 care home residents in the UK. Data collection
is due to be completed in July 2013. Protocol can be downloaded from http://driestudy.
appspot.com/cohort.html. Data collection complete and analysis about to commence
as of November 2013
Johnson 2012 [pers comm]
Trial name or title Dehydration study
Target condition and reference standard(s) • Plasma osmolarity, mOsm/L (calculated)
Index and comparator tests Urine colour
• Scale of 1 to 8 (mid-flow urine sample analysed for urine colour as in Armstrong
1998)
Urinary components
• USG, glucose, bilirubin, ketones, erythrocytes, leukocytes, pH, urobilinogen,
protein, and nitrite
◦ Urisys 1100™, Roche Diagnostics Scandinavia, Bromma, Sweden along
with the Combur10 Test M urine strip test
• Creatinine, albumin







Starting date July 2012
Contact information Dr Peter Johnson, Department of InternalMedicine andGeriatrics, SödertäljeHospital,
SE-152 86 Södertälje, Sweden. Email: peter.johnson@sodertaljesjukhus.se
Notes This study recruited 317 acutely admitted patients aged over 65 years. Data collection
was completed and analyses are underway as of January 2014
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Trial name or title SÄBO study
Target condition and reference standard(s) • Plasma osmolality, mOsm/kg (directly measured)
• Plasma osmolarity, mOsm/L (calculated)
Index and comparator tests Urine colour
• Scale of 1-8 (mid-flow urine sample analysed for urine colour as in Armstrong
1998)
Urinary components
• USG, glucose, bilirubin, ketones, erythrocytes, leukocytes, pH, urobilinogen,
protein, and nitrite
◦ Urisys 1100™, Roche Diagnostics Scandinavia, Bromma, Sweden along
with the Combur10 Test M urine strip test),
• Creatinine, albumin
◦ DCA- Vantage, Siemens
• Sodium, potassium, osmolality
◦ Certified hospital laboratory
Plasma CRP
• Certified hospital laboratory
Haemoglobin




• Assessed on a VAS scale, 100 mm line
Dry mucous membranes
• Clinical research fellow looked at inside of cheek and assessed as dry, moist or wet
Dry or furrowed tongue
• Clinical research fellow assessed longitudinal lines on tongue in 3 steps
Skin turgor
• Pinching skin at dorsum of hand, observing whether skin returns to normal
immediately, yes or no
Sunken eyes
• Assessed subjectively by clinical researcher as yes or no
Staff assessment
• Staff asked if participant is considered dehydrated
Starting date May 2013
Contact information Dr Peter Johnson, Department of InternalMedicine andGeriatrics, SödertäljeHospital,
SE-152 86 Södertälje, Sweden. Email: peter.johnson@sodertaljesjukhus.se
Notes This study aims to recruit 100 nursing home patients, 60 currently recruited as of
January 2014
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Olde Rikkert 2013 [pers comm]
Trial name or title Diagnosis of dehydration in elderly patients by electronic nose analysis of exhaled air: a
pilot study
Target condition and reference standard(s) • Plasma osmolarity, mOsm/L (calculated) and clinical judgement
Index and comparator tests eNose sensor
• Manufactured by eNose company, Zutphen, The Netherlands
Tongue and oral mucous membranes
• Visual assessment of dryness
Axillary dryness
Skin turgor
• Assessed at sternum
Heart rate and blood pressure
• Assessed as a continuous measure
Weight and weight change
Body temperature
Starting date July 2013
Contact information Marcel Olde Rikkert, Marcel.OldeRikkert@Radboudumc.nl
Notes This study recruited patients admitted to a geriatric department, anddehydrated patients
from the emergency department. Data collection was completed in October 2013, and
analysis and writing up is underway as of November 2013
CRP - C-reactive protein; USG - urine specific gravity; VAS - visual analogue scale
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Presented below are all the data for all of the tests entered into the review.






1 Drinks intake 295: very low 2 92
2 Drinks intake 295: low 2 92
3 Drinks intake 295: moderate 2 92
4 Drinks intake 295: standard 2 92
5 Fluid intake 295: very low 4 130
6 Fluid intake 295: low 4 130
7 Fluid intake 295: moderate 4 130
8 Misses drinks between meals 295 1 71
9 Misses drinks at meals 295 1 71
10 Urine volume 295: < 300 mL/d 6 150
11 Urine volume 295: < 500 mL/d 6 150
12 Urine volume 295: < 800 mL/d 6 150
13 Urine volume 295: fluid
recommendations
6 150
14 Urine volume (daytime) 295: <
900 mL
1 43
15 Urine volume (daytime) 295: <
1420 mL
1 43
16 Urine volume (daytime) 295: <
1940 mL
1 43
17 Urine volume (night) 295: >
450 mL/night
1 43
18 Urine volume (night) 295: >
860 mL/night
1 43
19 Urine volume (night) 295: >
1270 mL/night
1 43
20 Urine voids (daytime) 295: ≥
11/d
1 43
21 Urine voids (daytime) 295: ≥
7/d
1 43
22 Urine voids (daytime) 295: ≥
4/d
1 43
23 Urine voids (night) 295: ≥
1.5/night
1 43
24 Urine voids (night) 295: ≥
2.6/night
1 43
25 Urine voids (night) 295: ≥
4.1/night
1 43
26 Nocturnal polyuria 295 1 43
27 Fluid balance 295: < -180
mL/d
4 92
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28 Fluid balance 295: < +180
mL/d
4 92
29 Fluid balance 295: < +1700
mL/d
4 92
30 USG 295: ≥ 1.035 4 358
31 USG 295: ≥ 1.028 4 358
32 USG 295: ≥ 1.020 4 358
33 Urine colour 295: > 6 4 78
34 Urine colour 295: > 4 4 78
35 Urine colour 295: > 2 4 78
36 Urine osmolality 295: > 1000
mOsm/kg
6 158
37 Urine osmolality 29, > 800
mOsm/kg
6 158
38 Urine osmolality 295: > 600
mOsm/kg
6 158
39 Tear osmolarity 295: > 324
mOsm/L
1 89
40 Tear osmolarity 295: > 316
mOsm/L
1 89
41 Tear osmolarity 295: > 310
mOsm/L
1 89
42 Heart rate 295: ≥120 BPM 4 373
43 Heart rate 295: 100 BPM 4 373
44 Heart rate 295: 80 BPM 4 373
45 Orthostatic hypotension 295 1 143
46 Body temperature 295: ≥ 38.2
oC
1 295
47 Body temperature 295: ≥ 36.8
oC
1 295
48 Body temperature 295: ≥ 33.2
oC
1 295
49 Skin turgor, anterior forearm
295: ≥3 sec
1 300
50 Skin turgor, anterior thigh 295:
≥3 sec
1 301
51 Skin turgor, anterior thigh 295:
abnormal
1 162
52 Skin turgor, subclavicular 295:
≥ 3 sec
1 304
53 Skin turgor, sternum 295: ≥ 3
sec
1 302
54 Skin turgor, anterior chest 295:
slow
1 29
55 Skin turgor, hand 295: ≥ 4 sec 1 31
56 Skin turgor, hand 295: ≥ 3 sec 1 31
57 Skin turgor, hand 295: ≥ 1 sec 1 31
58 Skin turgor, hand 295:
abnormal
1 11
59 Skin turgor, site unspecified
295: abnormal
1 18
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60 Capillary refill 295: ≥ 4 sec 1 31
61 Capillary refill 295: ≥ 3 sec 2 58
62 Capillary refill 295: ≥2 sec 1 31
63 Dry axilla by touch 295 2 115
64 Dry axilla by meter 295: < 32% 1 29
65 Dry axilla by meter 295: < 37% 1 29
66 Dry axilla by meter 295: < 42% 1 29
67 Consciousness level 295: ≥
coma
1 303
68 Consciousness level 295: ≥
stupor
2 330
69 Consciousness level 295: ≥
obsessed
1 303
70 MMSE 295: < 10 2 325
71 MMSE 295: < 20 2 325
72 MMSE 295: < 25 2 325
73 Neecham 295: < 27 1 308
74 Neecham 295: ≤ 24 1 308
75 Neecham 295: < 20 1 308
76 Tiredness 295: severe 2 44
77 Tiredness 295: moderate or
severe
2 44
78 Fatigue 295: any 3 115
79 Lassitude 295 1 71
80 Feels dull 295 1 71
81 Dry oral mucosa 295: cheek 1 290
82 Tongue furrows 295: ≥ mild 1 31
83 Tongue furrows 295: ≥
moderate
1 31
84 Tongue furrows 295: ≥ severe 1 31
85 Tongue dry 295: ≥ mild 1 31
86 Tongue dry 295: ≥ moderate 1 31
87 Tongue dry 295: severe 1 31
88 BIA resistance 50 kHz 295: ≥
550 ohm
4 2005
89 BIA resistance 50 kHz 295: ≥
450 ohm
4 2005
90 BIA resistance 50 kHz 295: ≥
350 ohm
4 2005
91 BIA resistance 100 kHz 295: ≥
550 ohm
1 21
92 BIA resistance 100 kHz 295: ≥
450 ohm
1 21
93 BIA resistance 100 kHz 295: ≥
350 ohm
1 21
94 BIA resistance 200 kHz 295: ≥
550 ohm
1 21
95 BIA resistance 200 kHz 295: ≥
450 ohm
1 21
96 BIA resistance 200 kHz 295: ≥
350 ohm
1 21
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97 BIA TBW 295: < 45% 5 2325
98 BIA TBW 295: < 47% 5 2325
99 BIA TBW 295: < 49% 5 2325
100 BIA ICW 295: < 25% 4 379
101 BIA ICW 295: < 27% 4 379
102 BIA ICW 295: < 29% 4 379
103 BIA ECW 295: < 18% 4 379
104 BIA ECW 295: < 20% 4 379
105 BIA ECW 295: < 22% 4 379
106 Insufficient tears 295 1 105
107 Insufficient tears or not
tolerated 295
1 105
108 Oral thickener used 295 1 48
109 Oral fluid without thickener
295
1 48
110 Lips dry 295 1 71
111 Dry mouth 295: severe 2 44
112 Dry mouth 295: moderate or
severe
2 44
113 Dry mouth 295: any 8 623
114 Unable to spit 295 1 11
115 Thirst VAS rating 295: severe 3 54
116 Thirst VAS rating 295: ≥
moderate
3 54
117 Thirst VAS rating 295: mild
plus
1 10
118 Thirsty 295: any degree 6 300
119 Tongue smarts 295 1 71
120 Mouth smarts 295 1 71
121 Sticky saliva 295 1 71
122 Sticky mouth 295 1 71
123 Blue lips 295 1 18
124 Sunken eyes 295 3 58
125 Bed sores 295 1 164
126 Swallowing problems 295 1 71
127 Enjoyment of food 295 1 71
128 Appetite 295 1 71
129 Dry eye severity by DEQ-5
295: > 12
1 104
130 Dry eye severity by DEQ-5
295: > 6
1 104
131 Dry eye severity by DEQ-5
295: > 3
1 104
132 Dry eye severity by VAS 295:
> 5.0 cm
1 104
133 Dry eye severity by VAS 295:
> 1.1 cm
1 104
134 Dry eye severity by VAS 295:
> 0.6 cm
1 104
135 NITBUT 295: < 6 sec 1 104
136 NITBUT 295: < 10 sec 1 104
137 NITBUT 295: < 27 sec 1 104
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138 Balance 295: severe 2 44
139 Balance 295: ≥ moderate 2 44
140 Balance 295: any degree 2 44
141 Headache 295: severe 2 44
142 Headache 295: ≥ moderate 2 44
143 Headache 295: any degree 2 44
144 Nausea 295: severe 2 44
145 Nausea 295: ≥ moderate 2 44
146 Nausea 295: any degree 2 44
147 Muscle weakness 295: severe 2 44
148 Muscle weakness 295: ≥
moderate
2 44
149 Muscle weakness 295: any
degree
2 44
150 Dizziness 295: severe 2 44
151 Dizziness 295: ≥ moderate 2 44
152 Dizziness 295: any degree 2 44
153 Combined drinks AND
fatigue
1 71
154 Combined, drinks OR fatigue 1 71
Test 1. Drinks intake 295: very low.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 1 Drinks intake 295: very low
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 1 4 16 0.0 [ 0.0, 0.60 ] 0.94 [ 0.71, 1.00 ]
Kajii 2006 3 2 4 62 0.43 [ 0.10, 0.82 ] 0.97 [ 0.89, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 2. Drinks intake 295: low.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 2 Drinks intake 295: low
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 3 11 1 6 0.75 [ 0.19, 0.99 ] 0.35 [ 0.14, 0.62 ]
Kajii 2006 5 20 2 44 0.71 [ 0.29, 0.96 ] 0.69 [ 0.56, 0.80 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 3. Drinks intake 295: moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 3 Drinks intake 295: moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 4 17 0 0 1.00 [ 0.40, 1.00 ] 0.0 [ 0.0, 0.20 ]
Kajii 2006 7 49 0 15 1.00 [ 0.59, 1.00 ] 0.23 [ 0.14, 0.36 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 4. Drinks intake 295: standard.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 4 Drinks intake 295: standard
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 5 4 12 0.0 [ 0.0, 0.60 ] 0.71 [ 0.44, 0.90 ]
Kajii 2006 4 14 3 50 0.57 [ 0.18, 0.90 ] 0.78 [ 0.66, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 5. Fluid intake 295: very low.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 5 Fluid intake 295: very low
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Lindner 2009 5 0 21 8 0.19 [ 0.07, 0.39 ] 1.00 [ 0.63, 1.00 ]
Perren 2011 0 7 6 14 0.0 [ 0.0, 0.46 ] 0.67 [ 0.43, 0.85 ]
Stotts 2009 6 4 24 14 0.20 [ 0.08, 0.39 ] 0.78 [ 0.52, 0.94 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 6. Fluid intake 295: low.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 6 Fluid intake 295: low
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Lindner 2009 10 3 16 5 0.38 [ 0.20, 0.59 ] 0.63 [ 0.24, 0.91 ]
Perren 2011 2 10 4 11 0.33 [ 0.04, 0.78 ] 0.52 [ 0.30, 0.74 ]
Stotts 2009 22 12 8 6 0.73 [ 0.54, 0.88 ] 0.33 [ 0.13, 0.59 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 7. Fluid intake 295: moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 7 Fluid intake 295: moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 1 7 3 10 0.25 [ 0.01, 0.81 ] 0.59 [ 0.33, 0.82 ]
Lindner 2009 14 4 12 4 0.54 [ 0.33, 0.73 ] 0.50 [ 0.16, 0.84 ]
Perren 2011 3 12 3 9 0.50 [ 0.12, 0.88 ] 0.43 [ 0.22, 0.66 ]
Stotts 2009 27 17 3 1 0.90 [ 0.73, 0.98 ] 0.06 [ 0.00, 0.27 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 8. Misses drinks between meals 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 8 Misses drinks between meals 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 7 15 0 49 1.00 [ 0.59, 1.00 ] 0.77 [ 0.64, 0.86 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 9. Misses drinks at meals 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 9 Misses drinks at meals 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 3 7 61 0.0 [ 0.0, 0.41 ] 0.95 [ 0.87, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 10. Urine volume 295: < 300 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 10 Urine volume 295: < 300 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Fletcher 1999 0 0 4 11 0.0 [ 0.0, 0.60 ] 1.00 [ 0.72, 1.00 ]
Johnson 2003 0 0 15 28 0.0 [ 0.0, 0.22 ] 1.00 [ 0.88, 1.00 ]
Lindner 2009 4 0 22 8 0.15 [ 0.04, 0.35 ] 1.00 [ 0.63, 1.00 ]
Mack 1994 0 1 2 7 0.0 [ 0.0, 0.84 ] 0.88 [ 0.47, 1.00 ]
Perren 2011 0 9 6 12 0.0 [ 0.0, 0.46 ] 0.57 [ 0.34, 0.78 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 11. Urine volume 295: < 500 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 11 Urine volume 295: < 500 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Fletcher 1999 0 1 4 10 0.0 [ 0.0, 0.60 ] 0.91 [ 0.59, 1.00 ]
Johnson 2003 0 0 15 28 0.0 [ 0.0, 0.22 ] 1.00 [ 0.88, 1.00 ]
Lindner 2009 6 1 20 7 0.23 [ 0.09, 0.44 ] 0.88 [ 0.47, 1.00 ]
Mack 1994 0 2 2 6 0.0 [ 0.0, 0.84 ] 0.75 [ 0.35, 0.97 ]
Perren 2011 0 12 6 9 0.0 [ 0.0, 0.46 ] 0.43 [ 0.22, 0.66 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
108Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
Test 12. Urine volume 295: < 800 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 12 Urine volume 295: < 800 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Fletcher 1999 0 2 4 9 0.0 [ 0.0, 0.60 ] 0.82 [ 0.48, 0.98 ]
Johnson 2003 0 0 15 28 0.0 [ 0.0, 0.22 ] 1.00 [ 0.88, 1.00 ]
Lindner 2009 10 3 16 5 0.38 [ 0.20, 0.59 ] 0.63 [ 0.24, 0.91 ]
Mack 1994 1 4 1 4 0.50 [ 0.01, 0.99 ] 0.50 [ 0.16, 0.84 ]
Perren 2011 4 21 2 0 0.67 [ 0.22, 0.96 ] 0.0 [ 0.0, 0.16 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 13. Urine volume 295: fluid recommendations.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 13 Urine volume 295: fluid recommendations
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 1 4 16 0.0 [ 0.0, 0.60 ] 0.94 [ 0.71, 1.00 ]
Fletcher 1999 2 8 2 3 0.50 [ 0.07, 0.93 ] 0.27 [ 0.06, 0.61 ]
Johnson 2003 1 3 14 25 0.07 [ 0.00, 0.32 ] 0.89 [ 0.72, 0.98 ]
Lindner 2009 19 5 7 3 0.73 [ 0.52, 0.88 ] 0.38 [ 0.09, 0.76 ]
Mack 1994 1 7 1 1 0.50 [ 0.01, 0.99 ] 0.13 [ 0.00, 0.53 ]
Perren 2011 3 6 3 15 0.50 [ 0.12, 0.88 ] 0.71 [ 0.48, 0.89 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 14. Urine volume (daytime) 295: < 900 mL.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 14 Urine volume (daytime) 295: < 900 mL
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 3 3 12 25 0.20 [ 0.04, 0.48 ] 0.89 [ 0.72, 0.98 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 15. Urine volume (daytime) 295: < 1420 mL.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 15 Urine volume (daytime) 295: < 1420 mL
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 7 15 8 13 0.47 [ 0.21, 0.73 ] 0.46 [ 0.28, 0.66 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 16. Urine volume (daytime) 295: < 1940 mL.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 16 Urine volume (daytime) 295: < 1940 mL
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 12 22 3 6 0.80 [ 0.52, 0.96 ] 0.21 [ 0.08, 0.41 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 17. Urine volume (night) 295: > 450 mL/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 17 Urine volume (night) 295: > 450 mL/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 1 2 14 26 0.07 [ 0.00, 0.32 ] 0.93 [ 0.76, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 18. Urine volume (night) 295: > 860 mL/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 18 Urine volume (night) 295: > 860 mL/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 8 13 7 15 0.53 [ 0.27, 0.79 ] 0.54 [ 0.34, 0.72 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 19. Urine volume (night) 295: > 1270 mL/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 19 Urine volume (night) 295: > 1270 mL/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 12 26 3 2 0.80 [ 0.52, 0.96 ] 0.07 [ 0.01, 0.24 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 20. Urine voids (daytime) 295: ≥ 11/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 20 Urine voids (daytime) 295:≥ 11/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 0 1 2 40 0.0 [ 0.0, 0.84 ] 0.98 [ 0.87, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 21. Urine voids (daytime) 295: ≥ 7/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 21 Urine voids (daytime) 295:≥ 7/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 2 20 0 21 1.00 [ 0.16, 1.00 ] 0.51 [ 0.35, 0.67 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 22. Urine voids (daytime) 295: ≥ 4/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 22 Urine voids (daytime) 295:≥ 4/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 2 38 0 3 1.00 [ 0.16, 1.00 ] 0.07 [ 0.02, 0.20 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 23. Urine voids (night) 295: ≥ 1.5/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 23 Urine voids (night) 295:≥ 1.5/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 0 4 15 24 0.0 [ 0.0, 0.22 ] 0.86 [ 0.67, 0.96 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 24. Urine voids (night) 295: ≥ 2.6/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 24 Urine voids (night) 295:≥ 2.6/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 8 14 7 14 0.53 [ 0.27, 0.79 ] 0.50 [ 0.31, 0.69 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 25. Urine voids (night) 295: ≥ 4.1/night.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 25 Urine voids (night) 295:≥ 4.1/night
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 13 24 2 4 0.87 [ 0.60, 0.98 ] 0.14 [ 0.04, 0.33 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 26. Nocturnal polyuria 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 26 Nocturnal polyuria 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Johnson 2003 8 16 7 12 0.53 [ 0.27, 0.79 ] 0.43 [ 0.24, 0.63 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 27. Fluid balance 295: < -180 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 27 Fluid balance 295: < -180 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 4 17 0.0 [ 0.0, 0.60 ] 1.00 [ 0.80, 1.00 ]
Lindner 2009 2 0 24 8 0.08 [ 0.01, 0.25 ] 1.00 [ 0.63, 1.00 ]
Monahan 2006 2 3 5 0 0.29 [ 0.04, 0.71 ] 0.0 [ 0.0, 0.71 ]
Perren 2011 0 9 6 12 0.0 [ 0.0, 0.46 ] 0.57 [ 0.34, 0.78 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 28. Fluid balance 295: < +180 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 28 Fluid balance 295: < +180 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 2 8 2 9 0.50 [ 0.07, 0.93 ] 0.53 [ 0.28, 0.77 ]
Lindner 2009 4 0 22 8 0.15 [ 0.04, 0.35 ] 1.00 [ 0.63, 1.00 ]
Monahan 2006 3 3 4 0 0.43 [ 0.10, 0.82 ] 0.0 [ 0.0, 0.71 ]
Perren 2011 0 12 6 9 0.0 [ 0.0, 0.46 ] 0.43 [ 0.22, 0.66 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 29. Fluid balance 295: < +1700 mL/d.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 29 Fluid balance 295: < +1700 mL/d
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 4 17 0 0 1.00 [ 0.40, 1.00 ] 0.0 [ 0.0, 0.20 ]
Lindner 2009 12 4 14 4 0.46 [ 0.27, 0.67 ] 0.50 [ 0.16, 0.84 ]
Monahan 2006 3 3 4 0 0.43 [ 0.10, 0.82 ] 0.0 [ 0.0, 0.71 ]
Perren 2011 4 21 2 0 0.67 [ 0.22, 0.96 ] 0.0 [ 0.0, 0.16 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 30. USG 295: ≥ 1.035.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 30 USG 295:≥ 1.035
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 2 19 0.0 [ 0.0, 0.84 ] 1.00 [ 0.82, 1.00 ]
Culp 2003 0 0 245 63 0.0 [ 0.0, 0.01 ] 1.00 [ 0.94, 1.00 ]
Rowat 2011 2 1 11 3 0.15 [ 0.02, 0.45 ] 0.75 [ 0.19, 0.99 ]
Sjo¨strand Healthy 2013 0 0 9 3 0.0 [ 0.0, 0.34 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 31. USG 295: ≥ 1.028.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 31 USG 295:≥ 1.028
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 2 19 0.0 [ 0.0, 0.84 ] 1.00 [ 0.82, 1.00 ]
Culp 2003 7 5 238 58 0.03 [ 0.01, 0.06 ] 0.92 [ 0.82, 0.97 ]
Rowat 2011 3 1 10 3 0.23 [ 0.05, 0.54 ] 0.75 [ 0.19, 0.99 ]
Sjo¨strand Healthy 2013 0 0 9 3 0.0 [ 0.0, 0.34 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 32. USG 295: ≥ 1.020.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 32 USG 295:≥ 1.020
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Bossingham 2005 0 0 2 19 0.0 [ 0.0, 0.84 ] 1.00 [ 0.82, 1.00 ]
Culp 2003 58 18 187 45 0.24 [ 0.18, 0.30 ] 0.71 [ 0.59, 0.82 ]
Rowat 2011 6 2 7 2 0.46 [ 0.19, 0.75 ] 0.50 [ 0.07, 0.93 ]
Sjo¨strand Healthy 2013 3 1 6 2 0.33 [ 0.07, 0.70 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 33. Urine colour 295: > 6.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 33 Urine colour 295: > 6
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 1 1 3 10 0.25 [ 0.01, 0.81 ] 0.91 [ 0.59, 1.00 ]
Rowat 2011 11 3 2 1 0.85 [ 0.55, 0.98 ] 0.25 [ 0.01, 0.81 ]
Sjo¨strand ED 2013 1 0 28 7 0.03 [ 0.00, 0.18 ] 1.00 [ 0.59, 1.00 ]
Sjo¨strand Healthy 2013 0 0 7 3 0.0 [ 0.0, 0.41 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 34. Urine colour 295: > 4.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 34 Urine colour 295: > 4
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 3 9 1 2 0.75 [ 0.19, 0.99 ] 0.18 [ 0.02, 0.52 ]
Rowat 2011 9 2 4 2 0.69 [ 0.39, 0.91 ] 0.50 [ 0.07, 0.93 ]
Sjo¨strand ED 2013 4 0 25 7 0.14 [ 0.04, 0.32 ] 1.00 [ 0.59, 1.00 ]
Sjo¨strand Healthy 2013 0 0 7 3 0.0 [ 0.0, 0.41 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 35. Urine colour 295: > 2.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 35 Urine colour 295: > 2
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 4 10 0 1 1.00 [ 0.40, 1.00 ] 0.09 [ 0.00, 0.41 ]
Rowat 2011 2 1 11 3 0.15 [ 0.02, 0.45 ] 0.75 [ 0.19, 0.99 ]
Sjo¨strand ED 2013 20 4 9 3 0.69 [ 0.49, 0.85 ] 0.43 [ 0.10, 0.82 ]
Sjo¨strand Healthy 2013 5 1 2 2 0.71 [ 0.29, 0.96 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 36. Urine osmolality 295: > 1000 mOsm/kg.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 36 Urine osmolality 295: > 1000 mOsm/kg
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 0 0 4 11 0.0 [ 0.0, 0.60 ] 1.00 [ 0.72, 1.00 ]
Johnson 2003 0 0 15 28 0.0 [ 0.0, 0.22 ] 1.00 [ 0.88, 1.00 ]
Lindner 2009 0 0 19 8 0.0 [ 0.0, 0.18 ] 1.00 [ 0.63, 1.00 ]
Powers 2012 1 0 16 5 0.06 [ 0.00, 0.29 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand ED 2013 0 0 31 7 0.0 [ 0.0, 0.11 ] 1.00 [ 0.59, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 37. Urine osmolality 29, > 800 mOsm/kg.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 37 Urine osmolality 29, > 800 mOsm/kg
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 1 1 3 10 0.25 [ 0.01, 0.81 ] 0.91 [ 0.59, 1.00 ]
Johnson 2003 0 0 15 28 0.0 [ 0.0, 0.22 ] 1.00 [ 0.88, 1.00 ]
Lindner 2009 0 0 19 8 0.0 [ 0.0, 0.18 ] 1.00 [ 0.63, 1.00 ]
Powers 2012 3 1 14 4 0.18 [ 0.04, 0.43 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand ED 2013 5 0 26 7 0.16 [ 0.05, 0.34 ] 1.00 [ 0.59, 1.00 ]
Sjo¨strand Healthy 2013 2 0 8 3 0.20 [ 0.03, 0.56 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 38. Urine osmolality 295: > 600 mOsm/kg.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 38 Urine osmolality 295: > 600 mOsm/kg
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fletcher 1999 1 6 3 5 0.25 [ 0.01, 0.81 ] 0.45 [ 0.17, 0.77 ]
Johnson 2003 5 6 10 22 0.33 [ 0.12, 0.62 ] 0.79 [ 0.59, 0.92 ]
Lindner 2009 4 1 15 7 0.21 [ 0.06, 0.46 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 7 1 10 4 0.41 [ 0.18, 0.67 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand ED 2013 15 1 16 6 0.48 [ 0.30, 0.67 ] 0.86 [ 0.42, 1.00 ]
Sjo¨strand Healthy 2013 8 1 2 2 0.80 [ 0.44, 0.97 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 39. Tear osmolarity 295: > 324 mOsm/L.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 39 Tear osmolarity 295: > 324 mOsm/L
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 8 28 12 41 0.40 [ 0.19, 0.64 ] 0.59 [ 0.47, 0.71 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 40. Tear osmolarity 295: > 316 mOsm/L.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 40 Tear osmolarity 295: > 316 mOsm/L
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 10 37 10 32 0.50 [ 0.27, 0.73 ] 0.46 [ 0.34, 0.59 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 41. Tear osmolarity 295: > 310 mOsm/L.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 41 Tear osmolarity 295: > 310 mOsm/L
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 11 49 9 20 0.55 [ 0.32, 0.77 ] 0.29 [ 0.19, 0.41 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 42. Heart rate 295: ≥120 BPM.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 42 Heart rate 295:≥120 BPM
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 6 1 246 51 0.02 [ 0.01, 0.05 ] 0.98 [ 0.90, 1.00 ]
Lindner 2009 2 1 24 7 0.08 [ 0.01, 0.25 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 0 0 17 5 0.0 [ 0.0, 0.20 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 43. Heart rate 295: 100 BPM.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 43 Heart rate 295: 100 BPM
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 23 5 229 47 0.09 [ 0.06, 0.13 ] 0.90 [ 0.79, 0.97 ]
Lindner 2009 8 4 18 4 0.31 [ 0.14, 0.52 ] 0.50 [ 0.16, 0.84 ]
Powers 2012 0 1 17 4 0.0 [ 0.0, 0.20 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 44. Heart rate 295: 80 BPM.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 44 Heart rate 295: 80 BPM
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 118 22 134 30 0.47 [ 0.41, 0.53 ] 0.58 [ 0.43, 0.71 ]
Lindner 2009 16 8 10 0 0.62 [ 0.41, 0.80 ] 0.0 [ 0.0, 0.37 ]
Powers 2012 2 2 15 3 0.12 [ 0.01, 0.36 ] 0.60 [ 0.15, 0.95 ]
Sjo¨strand Healthy 2013 4 0 6 3 0.40 [ 0.12, 0.74 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 45. Orthostatic hypotension 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 45 Orthostatic hypotension 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 19 4 100 20 0.16 [ 0.10, 0.24 ] 0.83 [ 0.63, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 46. Body temperature 295: ≥ 38.2oC.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 46 Body temperature 295:≥ 38.2
o
C
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 21 1 224 49 0.09 [ 0.05, 0.13 ] 0.98 [ 0.89, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 47. Body temperature 295: ≥ 36.8oC.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 47 Body temperature 295:≥ 36.8
o
C
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 210 39 35 11 0.86 [ 0.81, 0.90 ] 0.22 [ 0.12, 0.36 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 48. Body temperature 295: ≥ 33.2oC.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 48 Body temperature 295:≥ 33.2
o
C
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 244 50 1 0 1.00 [ 0.98, 1.00 ] 0.0 [ 0.0, 0.07 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 49. Skin turgor, anterior forearm 295: ≥3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 49 Skin turgor, anterior forearm 295: ≥3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 115 22 134 29 0.46 [ 0.40, 0.53 ] 0.57 [ 0.42, 0.71 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 50. Skin turgor, anterior thigh 295: ≥3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 50 Skin turgor, anterior thigh 295:≥3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 71 8 179 43 0.28 [ 0.23, 0.34 ] 0.84 [ 0.71, 0.93 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 51. Skin turgor, anterior thigh 295: abnormal.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 51 Skin turgor, anterior thigh 295: abnormal
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Source Study 2000 11 5 98 48 0.10 [ 0.05, 0.17 ] 0.91 [ 0.79, 0.97 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 52. Skin turgor, subclavicular 295: ≥ 3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 52 Skin turgor, subclavicular 295:≥ 3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 99 12 154 39 0.39 [ 0.33, 0.45 ] 0.76 [ 0.63, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 53. Skin turgor, sternum 295: ≥ 3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 53 Skin turgor, sternum 295:≥ 3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 76 13 175 38 0.30 [ 0.25, 0.36 ] 0.75 [ 0.60, 0.86 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 54. Skin turgor, anterior chest 295: slow.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 54 Skin turgor, anterior chest 295: slow
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Shimizu 2012 2 6 9 12 0.18 [ 0.02, 0.52 ] 0.67 [ 0.41, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 55. Skin turgor, hand 295: ≥ 4 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 55 Skin turgor, hand 295:≥ 4 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 1 0 17 13 0.06 [ 0.00, 0.27 ] 1.00 [ 0.75, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 56. Skin turgor, hand 295: ≥ 3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 56 Skin turgor, hand 295:≥ 3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 2 2 16 11 0.11 [ 0.01, 0.35 ] 0.85 [ 0.55, 0.98 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 57. Skin turgor, hand 295: ≥ 1 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 57 Skin turgor, hand 295:≥ 1 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 17 13 1 0 0.94 [ 0.73, 1.00 ] 0.0 [ 0.0, 0.25 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 58. Skin turgor, hand 295: abnormal.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 58 Skin turgor, hand 295: abnormal
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
McGarvey 2010 2 3 1 5 0.67 [ 0.09, 0.99 ] 0.63 [ 0.24, 0.91 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 59. Skin turgor, site unspecified 295: abnormal.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 59 Skin turgor, site unspecified 295: abnormal
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Rowat 2011 3 1 11 3 0.21 [ 0.05, 0.51 ] 0.75 [ 0.19, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 60. Capillary refill 295: ≥ 4 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 60 Capillary refill 295:≥ 4 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 1 0 17 13 0.06 [ 0.00, 0.27 ] 1.00 [ 0.75, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 61. Capillary refill 295: ≥ 3 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 61 Capillary refill 295:≥ 3 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 3 2 15 11 0.17 [ 0.04, 0.41 ] 0.85 [ 0.55, 0.98 ]
Shimizu 2012 2 3 7 15 0.22 [ 0.03, 0.60 ] 0.83 [ 0.59, 0.96 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 62. Capillary refill 295: ≥2 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 62 Capillary refill 295:≥2 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 14 8 4 5 0.78 [ 0.52, 0.94 ] 0.38 [ 0.14, 0.68 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 63. Dry axilla by touch 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 63 Dry axilla by touch 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Eaton 1994 10 12 10 54 0.50 [ 0.27, 0.73 ] 0.82 [ 0.70, 0.90 ]
Shimizu 2012 4 3 7 15 0.36 [ 0.11, 0.69 ] 0.83 [ 0.59, 0.96 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 64. Dry axilla by meter 295: < 32%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 64 Dry axilla by meter 295: < 32%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Shimizu 2012 4 1 11 13 0.27 [ 0.08, 0.55 ] 0.93 [ 0.66, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 65. Dry axilla by meter 295: < 37%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 65 Dry axilla by meter 295: < 37%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Shimizu 2012 12 6 3 8 0.80 [ 0.52, 0.96 ] 0.57 [ 0.29, 0.82 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 66. Dry axilla by meter 295: < 42%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 66 Dry axilla by meter 295: < 42%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Shimizu 2012 14 8 1 6 0.93 [ 0.68, 1.00 ] 0.43 [ 0.18, 0.71 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 67. Consciousness level 295: ≥ coma.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 67 Consciousness level 295:≥ coma
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 9 1 246 47 0.04 [ 0.02, 0.07 ] 0.98 [ 0.89, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 68. Consciousness level 295: ≥ stupor.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 68 Consciousness level 295:≥ stupor
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 39 6 216 42 0.15 [ 0.11, 0.20 ] 0.88 [ 0.75, 0.95 ]
Shimizu 2012 1 5 8 13 0.11 [ 0.00, 0.48 ] 0.72 [ 0.47, 0.90 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 69. Consciousness level 295: ≥ obsessed.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 69 Consciousness level 295:≥ obsessed
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 142 23 113 25 0.56 [ 0.49, 0.62 ] 0.52 [ 0.37, 0.67 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 70. MMSE 295: < 10.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 70 MMSE 295: < 10
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 2 0 243 63 0.01 [ 0.00, 0.03 ] 1.00 [ 0.94, 1.00 ]
Gaspar 2011a 0 0 3 14 0.0 [ 0.0, 0.71 ] 1.00 [ 0.77, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 71. MMSE 295: < 20.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 71 MMSE 295: < 20
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 74 15 171 48 0.30 [ 0.25, 0.36 ] 0.76 [ 0.64, 0.86 ]
Gaspar 2011a 0 1 3 13 0.0 [ 0.0, 0.71 ] 0.93 [ 0.66, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 72. MMSE 295: < 25.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 72 MMSE 295: < 25
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 141 36 104 27 0.58 [ 0.51, 0.64 ] 0.43 [ 0.30, 0.56 ]
Gaspar 2011a 0 4 3 10 0.0 [ 0.0, 0.71 ] 0.71 [ 0.42, 0.92 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 73. Neecham 295: < 27.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 73 Neecham 295: < 27
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 108 24 137 39 0.44 [ 0.38, 0.51 ] 0.62 [ 0.49, 0.74 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 74. Neecham 295: ≤ 24.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 74 Neecham 295:≤ 24
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 36 8 209 55 0.15 [ 0.11, 0.20 ] 0.87 [ 0.77, 0.94 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 75. Neecham 295: < 20.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 75 Neecham 295: < 20
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 7 0 238 63 0.03 [ 0.01, 0.06 ] 1.00 [ 0.94, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 76. Tiredness 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 76 Tiredness 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 3 0 23 5 0.12 [ 0.02, 0.30 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 77. Tiredness 295: moderate or severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 77 Tiredness 295: moderate or severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 7 1 19 4 0.27 [ 0.12, 0.48 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 1 0 9 3 0.10 [ 0.00, 0.45 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 78. Fatigue 295: any.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 78 Fatigue 295: any
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 5 16 2 48 0.71 [ 0.29, 0.96 ] 0.75 [ 0.63, 0.85 ]
Sjo¨strand ED 2013 11 1 15 4 0.42 [ 0.23, 0.63 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 3 0 7 3 0.30 [ 0.07, 0.65 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 79. Lassitude 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 79 Lassitude 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 1 12 6 52 0.14 [ 0.00, 0.58 ] 0.81 [ 0.70, 0.90 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 80. Feels dull 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 80 Feels dull 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 3 19 4 45 0.43 [ 0.10, 0.82 ] 0.70 [ 0.58, 0.81 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 81. Dry oral mucosa 295: cheek.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 81 Dry oral mucosa 295: cheek
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 59 2 182 47 0.24 [ 0.19, 0.30 ] 0.96 [ 0.86, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 82. Tongue furrows 295: ≥mild.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 82 Tongue furrows 295: ≥ mild
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 9 8 7 7 0.56 [ 0.30, 0.80 ] 0.47 [ 0.21, 0.73 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 83. Tongue furrows 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 83 Tongue furrows 295: ≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 3 1 13 14 0.19 [ 0.04, 0.46 ] 0.93 [ 0.68, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 84. Tongue furrows 295: ≥ severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 84 Tongue furrows 295: ≥ severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 1 0 15 15 0.06 [ 0.00, 0.30 ] 1.00 [ 0.78, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 85. Tongue dry 295: ≥mild.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 85 Tongue dry 295: ≥ mild
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 9 6 7 9 0.56 [ 0.30, 0.80 ] 0.60 [ 0.32, 0.84 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 86. Tongue dry 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 86 Tongue dry 295: ≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 4 1 12 14 0.25 [ 0.07, 0.52 ] 0.93 [ 0.68, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 87. Tongue dry 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 87 Tongue dry 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 1 0 15 15 0.06 [ 0.00, 0.30 ] 1.00 [ 0.78, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 88. BIA resistance 50 kHz 295: ≥ 550 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 88 BIA resistance 50 kHz 295:≥ 550 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Allison 2005 4 0 1 10 0.80 [ 0.28, 0.99 ] 1.00 [ 0.69, 1.00 ]
Kafri 2013 3 0 10 8 0.23 [ 0.05, 0.54 ] 1.00 [ 0.63, 1.00 ]
Powers 2012 3 0 14 5 0.18 [ 0.04, 0.43 ] 1.00 [ 0.48, 1.00 ]
Stookey 2005 21 727 49 1150 0.30 [ 0.20, 0.42 ] 0.61 [ 0.59, 0.63 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 89. BIA resistance 50 kHz 295: ≥ 450 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 89 BIA resistance 50 kHz 295:≥ 450 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Allison 2005 5 0 0 10 1.00 [ 0.48, 1.00 ] 1.00 [ 0.69, 1.00 ]
Kafri 2013 7 4 6 4 0.54 [ 0.25, 0.81 ] 0.50 [ 0.16, 0.84 ]
Powers 2012 12 1 5 4 0.71 [ 0.44, 0.90 ] 0.80 [ 0.28, 0.99 ]
Stookey 2005 48 1518 22 359 0.69 [ 0.56, 0.79 ] 0.19 [ 0.17, 0.21 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 90. BIA resistance 50 kHz 295: ≥ 350 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 90 BIA resistance 50 kHz 295:≥ 350 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Allison 2005 5 5 0 5 1.00 [ 0.48, 1.00 ] 0.50 [ 0.19, 0.81 ]
Kafri 2013 9 7 4 1 0.69 [ 0.39, 0.91 ] 0.13 [ 0.00, 0.53 ]
Powers 2012 15 2 2 3 0.88 [ 0.64, 0.99 ] 0.60 [ 0.15, 0.95 ]
Stookey 2005 69 1859 1 18 0.99 [ 0.92, 1.00 ] 0.01 [ 0.01, 0.02 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 91. BIA resistance 100 kHz 295: ≥ 550 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 91 BIA resistance 100 kHz 295:≥ 550 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 2 0 11 8 0.15 [ 0.02, 0.45 ] 1.00 [ 0.63, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 92. BIA resistance 100 kHz 295: ≥ 450 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 92 BIA resistance 100 kHz 295:≥ 450 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 6 3 7 5 0.46 [ 0.19, 0.75 ] 0.63 [ 0.24, 0.91 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 93. BIA resistance 100 kHz 295: ≥ 350 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 93 BIA resistance 100 kHz 295:≥ 350 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 9 7 4 1 0.69 [ 0.39, 0.91 ] 0.13 [ 0.00, 0.53 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 94. BIA resistance 200 kHz 295: ≥ 550 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 94 BIA resistance 200 kHz 295:≥ 550 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 1 0 12 8 0.08 [ 0.00, 0.36 ] 1.00 [ 0.63, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 95. BIA resistance 200 kHz 295: ≥ 450 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 95 BIA resistance 200 kHz 295:≥ 450 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 6 0 7 8 0.46 [ 0.19, 0.75 ] 1.00 [ 0.63, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 96. BIA resistance 200 kHz 295: ≥ 350 ohm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 96 BIA resistance 200 kHz 295:≥ 350 ohm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kafri 2013 8 6 5 2 0.62 [ 0.32, 0.86 ] 0.25 [ 0.03, 0.65 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 97. BIA TBW 295: < 45%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 97 BIA TBW 295: < 45%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 59 12 186 51 0.24 [ 0.19, 0.30 ] 0.81 [ 0.69, 0.90 ]
Gaspar 2011a 2 20 1 5 0.67 [ 0.09, 0.99 ] 0.20 [ 0.07, 0.41 ]
Kafri 2013 2 1 11 7 0.15 [ 0.02, 0.45 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 4 0 13 5 0.24 [ 0.07, 0.50 ] 1.00 [ 0.48, 1.00 ]
Stookey 2005 26 692 44 1184 0.37 [ 0.26, 0.50 ] 0.63 [ 0.61, 0.65 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 98. BIA TBW 295: < 47%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 98 BIA TBW 295: < 47%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 85 18 160 45 0.35 [ 0.29, 0.41 ] 0.71 [ 0.59, 0.82 ]
Gaspar 2011a 3 22 0 3 1.00 [ 0.29, 1.00 ] 0.12 [ 0.03, 0.31 ]
Kafri 2013 2 1 11 7 0.15 [ 0.02, 0.45 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 5 1 12 4 0.29 [ 0.10, 0.56 ] 0.80 [ 0.28, 0.99 ]
Stookey 2005 31 914 39 962 0.44 [ 0.32, 0.57 ] 0.51 [ 0.49, 0.54 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 99. BIA TBW 295: < 49%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 99 BIA TBW 295: < 49%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 107 23 138 40 0.44 [ 0.37, 0.50 ] 0.63 [ 0.50, 0.75 ]
Gaspar 2011a 3 23 0 2 1.00 [ 0.29, 1.00 ] 0.08 [ 0.01, 0.26 ]
Kafri 2013 7 1 6 7 0.54 [ 0.25, 0.81 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 6 1 11 4 0.35 [ 0.14, 0.62 ] 0.80 [ 0.28, 0.99 ]
Stookey 2005 43 1112 27 764 0.61 [ 0.49, 0.73 ] 0.41 [ 0.38, 0.43 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 100. BIA ICW 295: < 25%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 100 BIA ICW 295: < 25%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 140 29 105 34 0.57 [ 0.51, 0.63 ] 0.54 [ 0.41, 0.67 ]
Gaspar 2011a 3 22 0 3 1.00 [ 0.29, 1.00 ] 0.12 [ 0.03, 0.31 ]
Kafri 2013 5 1 8 7 0.38 [ 0.14, 0.68 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 5 1 12 4 0.29 [ 0.10, 0.56 ] 0.80 [ 0.28, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 101. BIA ICW 295: < 27%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 101 BIA ICW 295: < 27%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 180 41 65 22 0.73 [ 0.67, 0.79 ] 0.35 [ 0.23, 0.48 ]
Gaspar 2011a 3 23 0 2 1.00 [ 0.29, 1.00 ] 0.08 [ 0.01, 0.26 ]
Kafri 2013 7 2 6 6 0.54 [ 0.25, 0.81 ] 0.75 [ 0.35, 0.97 ]
Powers 2012 9 1 8 4 0.53 [ 0.28, 0.77 ] 0.80 [ 0.28, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 102. BIA ICW 295: < 29%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 102 BIA ICW 295: < 29%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 200 48 45 15 0.82 [ 0.76, 0.86 ] 0.24 [ 0.14, 0.36 ]
Gaspar 2011a 3 24 0 1 1.00 [ 0.29, 1.00 ] 0.04 [ 0.00, 0.20 ]
Kafri 2013 9 5 4 3 0.69 [ 0.39, 0.91 ] 0.38 [ 0.09, 0.76 ]
Powers 2012 10 2 7 3 0.59 [ 0.33, 0.82 ] 0.60 [ 0.15, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 103. BIA ECW 295: < 18%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 103 BIA ECW 295: < 18%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 3 1 242 62 0.01 [ 0.00, 0.04 ] 0.98 [ 0.91, 1.00 ]
Gaspar 2011a 1 5 2 20 0.33 [ 0.01, 0.91 ] 0.80 [ 0.59, 0.93 ]
Kafri 2013 0 0 13 8 0.0 [ 0.0, 0.25 ] 1.00 [ 0.63, 1.00 ]
Powers 2012 0 0 17 5 0.0 [ 0.0, 0.20 ] 1.00 [ 0.48, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 104. BIA ECW 295: < 20%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 104 BIA ECW 295: < 20%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 8 2 237 61 0.03 [ 0.01, 0.06 ] 0.97 [ 0.89, 1.00 ]
Gaspar 2011a 1 12 2 13 0.33 [ 0.01, 0.91 ] 0.52 [ 0.31, 0.72 ]
Kafri 2013 1 0 12 8 0.08 [ 0.00, 0.36 ] 1.00 [ 0.63, 1.00 ]
Powers 2012 1 0 16 5 0.06 [ 0.00, 0.29 ] 1.00 [ 0.48, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 105. BIA ECW 295: < 22%.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 105 BIA ECW 295: < 22%
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Culp 2003 26 4 219 59 0.11 [ 0.07, 0.15 ] 0.94 [ 0.85, 0.98 ]
Gaspar 2011a 1 16 2 9 0.33 [ 0.01, 0.91 ] 0.36 [ 0.18, 0.57 ]
Kafri 2013 2 1 11 7 0.15 [ 0.02, 0.45 ] 0.88 [ 0.47, 1.00 ]
Powers 2012 3 2 14 3 0.18 [ 0.04, 0.43 ] 0.60 [ 0.15, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 106. Insufficient tears 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 106 Insufficient tears 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 3 4 24 74 0.11 [ 0.02, 0.29 ] 0.95 [ 0.87, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 107. Insufficient tears or not tolerated 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 107 Insufficient tears or not tolerated 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 7 9 20 69 0.26 [ 0.11, 0.46 ] 0.88 [ 0.79, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 108. Oral thickener used 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 108 Oral thickener used 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Stotts 2009 6 5 24 13 0.20 [ 0.08, 0.39 ] 0.72 [ 0.47, 0.90 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 109. Oral fluid without thickener 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 109 Oral fluid without thickener 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Stotts 2009 17 8 13 10 0.57 [ 0.37, 0.75 ] 0.56 [ 0.31, 0.78 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 110. Lips dry 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 110 Lips dry 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 20 7 44 0.0 [ 0.0, 0.41 ] 0.69 [ 0.56, 0.80 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 111. Dry mouth 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 111 Dry mouth 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 2 1 24 4 0.08 [ 0.01, 0.25 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 1 0 9 3 0.10 [ 0.00, 0.45 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 112. Dry mouth 295: moderate or severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 112 Dry mouth 295: moderate or severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 4 1 22 4 0.15 [ 0.04, 0.35 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 3 1 7 2 0.30 [ 0.07, 0.65 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 113. Dry mouth 295: any.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 113 Dry mouth 295: any
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Chassagne 2006 65 6 174 43 0.27 [ 0.22, 0.33 ] 0.88 [ 0.75, 0.95 ]
Kajii 2006 1 24 6 40 0.14 [ 0.00, 0.58 ] 0.63 [ 0.50, 0.74 ]
McGarvey 2010 3 3 0 5 1.00 [ 0.29, 1.00 ] 0.63 [ 0.24, 0.91 ]
Rowat 2011 9 2 5 2 0.64 [ 0.35, 0.87 ] 0.50 [ 0.07, 0.93 ]
Shimizu 2012 5 7 4 11 0.56 [ 0.21, 0.86 ] 0.61 [ 0.36, 0.83 ]
Sjo¨strand ED 2013 11 1 15 4 0.42 [ 0.23, 0.63 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 4 2 6 1 0.40 [ 0.12, 0.74 ] 0.33 [ 0.01, 0.91 ]
Source Study 2000 20 13 91 40 0.18 [ 0.11, 0.26 ] 0.75 [ 0.62, 0.86 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 114. Unable to spit 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 114 Unable to spit 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
McGarvey 2010 0 0 3 8 0.0 [ 0.0, 0.71 ] 1.00 [ 0.63, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 115. Thirst VAS rating 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 115 Thirst VAS rating 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Mack 1994 0 1 2 7 0.0 [ 0.0, 0.84 ] 0.88 [ 0.47, 1.00 ]
Sjo¨strand ED 2013 1 0 25 5 0.04 [ 0.00, 0.20 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 1 0 9 3 0.10 [ 0.00, 0.45 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 116. Thirst VAS rating 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 116 Thirst VAS rating 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Mack 1994 0 1 2 7 0.0 [ 0.0, 0.84 ] 0.88 [ 0.47, 1.00 ]
Sjo¨strand ED 2013 5 1 21 4 0.19 [ 0.07, 0.39 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 4 2 6 1 0.40 [ 0.12, 0.74 ] 0.33 [ 0.01, 0.91 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 117. Thirst VAS rating 295: mild plus.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 117 Thirst VAS rating 295: mild plus
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Mack 1994 1 6 1 2 0.50 [ 0.01, 0.99 ] 0.25 [ 0.03, 0.65 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 118. Thirsty 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 118 Thirsty 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 2 24 5 40 0.29 [ 0.04, 0.71 ] 0.63 [ 0.50, 0.74 ]
Mack 1994 1 6 1 2 0.50 [ 0.01, 0.99 ] 0.25 [ 0.03, 0.65 ]
McGarvey 2010 1 2 2 6 0.33 [ 0.01, 0.91 ] 0.75 [ 0.35, 0.97 ]
Sjo¨strand ED 2013 11 1 15 4 0.42 [ 0.23, 0.63 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 5 2 5 1 0.50 [ 0.19, 0.81 ] 0.33 [ 0.01, 0.91 ]
Source Study 2000 12 5 99 48 0.11 [ 0.06, 0.18 ] 0.91 [ 0.79, 0.97 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 119. Tongue smarts 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 119 Tongue smarts 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 2 7 62 0.0 [ 0.0, 0.41 ] 0.97 [ 0.89, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 120. Mouth smarts 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 120 Mouth smarts 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 4 7 60 0.0 [ 0.0, 0.41 ] 0.94 [ 0.85, 0.98 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 121. Sticky saliva 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 121 Sticky saliva 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 14 7 50 0.0 [ 0.0, 0.41 ] 0.78 [ 0.66, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 122. Sticky mouth 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 122 Sticky mouth 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 0 14 7 50 0.0 [ 0.0, 0.41 ] 0.78 [ 0.66, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 123. Blue lips 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 123 Blue lips 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Rowat 2011 1 0 13 4 0.07 [ 0.00, 0.34 ] 1.00 [ 0.40, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 124. Sunken eyes 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 124 Sunken eyes 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
McGarvey 2010 0 3 3 5 0.0 [ 0.0, 0.71 ] 0.63 [ 0.24, 0.91 ]
Rowat 2011 0 0 14 4 0.0 [ 0.0, 0.23 ] 1.00 [ 0.40, 1.00 ]
Shimizu 2012 3 3 8 15 0.27 [ 0.06, 0.61 ] 0.83 [ 0.59, 0.96 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 125. Bed sores 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 125 Bed sores 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Source Study 2000 6 7 105 46 0.05 [ 0.02, 0.11 ] 0.87 [ 0.75, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 126. Swallowing problems 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 126 Swallowing problems 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 1 14 6 50 0.14 [ 0.00, 0.58 ] 0.78 [ 0.66, 0.87 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 127. Enjoyment of food 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 127 Enjoyment of food 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 2 62 0 7 1.00 [ 0.16, 1.00 ] 0.10 [ 0.04, 0.20 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 128. Appetite 295.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 128 Appetite 295
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 1 6 6 58 0.14 [ 0.00, 0.58 ] 0.91 [ 0.81, 0.96 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 129. Dry eye severity by DEQ-5 295: > 12.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 129 Dry eye severity by DEQ-5 295: > 12
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 1 8 25 70 0.04 [ 0.00, 0.20 ] 0.90 [ 0.81, 0.95 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 130. Dry eye severity by DEQ-5 295: > 6.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 130 Dry eye severity by DEQ-5 295: > 6
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 11 37 15 41 0.42 [ 0.23, 0.63 ] 0.53 [ 0.41, 0.64 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 131. Dry eye severity by DEQ-5 295: > 3.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 131 Dry eye severity by DEQ-5 295: > 3
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 17 49 9 29 0.65 [ 0.44, 0.83 ] 0.37 [ 0.26, 0.49 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 132. Dry eye severity by VAS 295: > 5.0 cm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 132 Dry eye severity by VAS 295: > 5.0 cm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 4 14 23 63 0.15 [ 0.04, 0.34 ] 0.82 [ 0.71, 0.90 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 133. Dry eye severity by VAS 295: > 1.1 cm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 133 Dry eye severity by VAS 295: > 1.1 cm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 9 39 18 38 0.33 [ 0.17, 0.54 ] 0.49 [ 0.38, 0.61 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 134. Dry eye severity by VAS 295: > 0.6 cm.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 134 Dry eye severity by VAS 295: > 0.6 cm
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 16 48 11 29 0.59 [ 0.39, 0.78 ] 0.38 [ 0.27, 0.49 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 135. NITBUT 295: < 6 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 135 NITBUT 295: < 6 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 5 20 22 57 0.19 [ 0.06, 0.38 ] 0.74 [ 0.63, 0.83 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 136. NITBUT 295: < 10 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 136 NITBUT 295: < 10 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 12 43 15 34 0.44 [ 0.25, 0.65 ] 0.44 [ 0.33, 0.56 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 137. NITBUT 295: < 27 sec.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 137 NITBUT 295: < 27 sec
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Fortes 2011 24 70 3 7 0.89 [ 0.71, 0.98 ] 0.09 [ 0.04, 0.18 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 138. Balance 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 138 Balance 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 2 0 24 5 0.08 [ 0.01, 0.25 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 139. Balance 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 139 Balance 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 6 0 20 5 0.23 [ 0.09, 0.44 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 1 10 2 0.0 [ 0.0, 0.31 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 140. Balance 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 140 Balance 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 9 1 17 4 0.35 [ 0.17, 0.56 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 1 1 9 2 0.10 [ 0.00, 0.45 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 141. Headache 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 141 Headache 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 0 0 26 5 0.0 [ 0.0, 0.13 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 142. Headache 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 142 Headache 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 0 0 26 5 0.0 [ 0.0, 0.13 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 143. Headache 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 143 Headache 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 4 0 22 5 0.15 [ 0.04, 0.35 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 3 0 7 3 0.30 [ 0.07, 0.65 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 144. Nausea 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 144 Nausea 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 0 0 26 5 0.0 [ 0.0, 0.13 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 145. Nausea 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 145 Nausea 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 0 0 26 5 0.0 [ 0.0, 0.13 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 146. Nausea 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 146 Nausea 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 3 1 23 4 0.12 [ 0.02, 0.30 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 147. Muscle weakness 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 147 Muscle weakness 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 1 0 25 5 0.04 [ 0.00, 0.20 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 148. Muscle weakness 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 148 Muscle weakness 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 1 1 25 4 0.04 [ 0.00, 0.20 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 1 1 9 2 0.10 [ 0.00, 0.45 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 149. Muscle weakness 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 149 Muscle weakness 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 6 1 20 4 0.23 [ 0.09, 0.44 ] 0.80 [ 0.28, 0.99 ]
Sjo¨strand Healthy 2013 1 1 9 2 0.10 [ 0.00, 0.45 ] 0.67 [ 0.09, 0.99 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 150. Dizziness 295: severe.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 150 Dizziness 295: severe
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 2 0 24 5 0.08 [ 0.01, 0.25 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 0 0 10 3 0.0 [ 0.0, 0.31 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 151. Dizziness 295: ≥moderate.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 151 Dizziness 295:≥ moderate
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 4 0 22 5 0.15 [ 0.04, 0.35 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 1 0 9 3 0.10 [ 0.00, 0.45 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 152. Dizziness 295: any degree.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 152 Dizziness 295: any degree
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Sjo¨strand ED 2013 8 0 18 5 0.31 [ 0.14, 0.52 ] 1.00 [ 0.48, 1.00 ]
Sjo¨strand Healthy 2013 1 0 9 3 0.10 [ 0.00, 0.45 ] 1.00 [ 0.29, 1.00 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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Test 153. Combined drinks AND fatigue.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 153 Combined drinks AND fatigue
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 5 5 2 59 0.71 [ 0.29, 0.96 ] 0.92 [ 0.83, 0.97 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Test 154. Combined, drinks OR fatigue.
Review: Clinical symptoms, signs and tests for identification of impending and current water-loss dehydration in older people
Test: 154 Combined, drinks OR fatigue
Study TP FP FN TN Sensitivity Specificity Sensitivity Specificity
Kajii 2006 7 26 0 38 1.00 [ 0.59, 1.00 ] 0.59 [ 0.46, 0.71 ]
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
A D D I T I O N A L T A B L E S
Table 1. Explanations of cut-off values





Ad lib water intake (including water in wa-
ter, tea and coffee) or all drinks combined
Very low versus low and moderate and high
Very low: < 1.4L/d in men, < 1.0 L/d in
women
Low: 1.4 to < 2.2 L/d in men, 1.0 to <1.6
L/d in women
Moderate: 2.2 to < 3.0 L/d in men, 1.6 to
< 2.2 L/d in women
European guidance, EFSA 2010, suggests
that men need 2.5 L/d of fluid (overall,
from food and drinks) while women need
2.0 L/d. As they assume that 20% of fluid
comes from food, this suggests a drinks in-
take need of 2.0 L/d in men and 1.6L/
d in women. The US Panel on Dietary
Reference Intakes 2004 suggests that men
should drink 3.0 L/d and women 2.2 L/d.
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Table 1. Explanations of cut-off values (Continued)
High: ≥ 3.0 L/d in men, ≥ 2.2 L/d in
women
We set cut offs to reflect the range of drinks
intakes above and below these levels
Drinks intake
4) Standard
Drinks intake < 1.5 L/d inmen andwomen Taken from evidence that drinks intakes
in institutionalised adults should be at






Fluid intake (fluid from food and drinks)
Very low versus ≥ low
Very low: < 1.7 Lin men, < 1.3 L in women
Low: 1.7 to < 2.7 L in men, 1.3 to < 2.0 L
in women
Moderate: 2.7 to < 3.7 L in men, 2.0 to <
2.7 L in women
High: ≥ 3.7 L in men, ≥ 2.7 L in women
European guidance, EFSA 2010, suggests
that men need 2.5 L/d of fluid (overall,
from food and drinks), and that women
need 2.0 L/d. The US Panel on Dietary
Reference Intakes 2004 suggests that men
need 3.7 L/d and women 2.7 L/d of fluid
from all sources. We set cut offs to reflect
the range of fluid intakes above and below
these levels
8) Misses drinks between meals Participant reports missing drinks between
meals
Participant answered “0” to at least one
question about how many drinks were
taken between meals (defined by primary
study, Kajii 2006)
9) Misses drinks at meals Participant reports missing some drinks at
meals
Participant answered “0” to at least one
question about how many drinks were
taken at breakfast, lunch and evening meal
(defined by primary study, Kajii 2006)
Urine volume
10) < 300 mL/d
11) < 500 mL/d
12) < 800 mL/d
13) Fluid recommendations
< 300 mL/d versus ≥ 300 mL/d
< 500 mL/d versus ≥ 500 mL/d
< 800 mL/d versus ≥ 800 mL/d
< 1700 mL/d in men or < 1300 mL/d in
women versus ≥ 1700 mL/d in men or ≥
1300 mL/d in women
Oliguria is defined as < 300 to 500 mL/
d in adults and normal urine output 800
to 2000 mL/d. Cut-offs set at 300 mL/d,
500 mL/d, 800 mL/d and the lowest fluid
intake cut-offs (1.3 L/d in women, 1.7 L/
d in men). A review co-author later com-
mented that the cut-off traditionally used
in the USA is 400 mL/24 h - we kept the
300 and 500 mL cut offs as these fall either
side of 400 mL/24 h
Daytime urine volume (/day)
14) < 900 mL
15) < 1420 mL
16) < 1940 mL
< 900 mL versus ≥ 900 mL from 7am to
11pm
Cut-offs decided on the basis of themedian
(1417 mL) and outlying values (900 and
1940 mL) in Johnson 2003
Night urine volume (/night)
17) > 450 mL
18) > 860 mL
19) > 1270 mL
≥ 450 mL versus < 450 mL from 11pm to
7am
Cut-offs decided by median (863 mL) and
outliers (450 and 1270 mL) in Johnson
2003
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Table 1. Explanations of cut-off values (Continued)




Number of urinary voids during the day,
7am to 11pm
Cut-offs chosen by median (7.0) and out-
liers (4 and 11) in Johnson 2003




Number of urinary voids during the night,
11pm to 7am
Cut-offs chosen by median (2.6) and out-
liers (1.5 and 4.1) in Johnson 2003
26) Nocturnal polyuria Self-reported nocturnal polyuria (reported
as yes or no)
Fluid balance
27) -180 mL/d
28) < +180 mL/d
29) < +1700 mL/d
Fluid from foods and drinks minus urine
volume (both over 24 hours), < -180mL/d
versus ≥ -180 mL/d
Cut-offs defined by medians from the first
3 datasets analysed (Bossingham 2005;








Various normal ranges for USG are
suggested including 1.006 to 1.020 (
Bossingham 2005) and Armstrong has sug-
gested that > 1.035 is consistent with frank
dehydration (Armstrong 1998), so cut-offs





Urine colour as assessed on the Armstrong
colour chart, cut-off over 6
Urine colour as assessed on the Armstrong
colour chart, score from 1 to 8, 1 is palest, 8
darkest (Armstrong 1998), so cut-offs cho-
sen at 2, 4 and 6
Urine osmolality
36) > 1000 mOsm/kg
37) > 800 mOsm/kg




Cut-offs taken from EFSA 2010 ’Dietary
Reference Values for water’. They suggest
usual urinary osmolarity ranges from 50 to
1200 mOsm/L with up to 500 mOsm/L
indicating normal hydration. Cut-offs set
at 600, 800 and 1000 mOsm/L
Tear osmolarity
39) > 324 mOsm/L
40) > 316 mOsm/L
41) > 310 mOsm/L
Tear osmolarity by TearLab system Literature driven cut-offs (for dry-eye dis-
ease, not for dehydration), referenced by
Fortes 2011
Heart rate
42) ≥ 120 BPM
43) ≥100 BPM
44) ≥ 80 BPM
Heart rates below60BPMare called brady-
cardia, and over 100 BPM tachycardia. As
higher heart rate is associatedwith dehydra-
tion cut-offs were chosen at 80 BPM (the
upper end of normal), 100 BPM (onset of
tachycardia) and 120 BPM (a step above
100)
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Table 1. Explanations of cut-off values (Continued)
45) Orthostatic hypotension Blood pressure falls by at least 20 mm Hg
systolic or 10 mm Hg diastolic at 30 sec, 1
min or 3 mins after moving from lying to
standing or sitting





≥ 38.2oC versus < 38.2oC
≥ 36.8oC versus < 36.8oC
≥ 33.2oC versus < 33.2oC
The typical under-tongue body tempera-
ture is 36.8oC, with the normal range 33.
2oC to 38.2oC (Sund-Levander 2002), so
cut-offs were chosen at 33.2oC, 36.8oC
and 38.2oC
Skin turgor
49) Anterior forearm: ≥ 3 sec
50) Anterior thigh: ≥ 3 sec
51) Anterior thigh: abnormal
52) Subclavicular: ≥ 3 sec
53) Sternum: ≥ 3 sec
54) Anterior chest: slow
Skin turgor is defined by the number of
seconds taken for skin to return to normal
after being pinched
Anterior forearm: ≥ 3 sec versus 0 to 2 sec
Anterior thigh: ≥ 3 sec versus 0 to 2 sec
Anterior thigh: abnormal versus normal
Subclavicular: ≥ 3 sec versus 0 to 2 sec
Sternum: ≥ 3 sec versus 0 to 2 sec
Anterior chest skin turgor assessed as slow
to return to normal position by internal
medicine residents
Defined by primary study authors (
Chassagne 2006; Shimizu 2012; Source
Study 2000)
Skin turgor
55) Hand: ≥ 4 sec
56) Hand: ≥ 3 sec
57) Hand: ≥1 sec
Skin turgor assessed on back of hand, tak-
ing ≥ 4 sec versus < 4 sec to return to nor-
mal after pinching
≥ 3 sec is a commonly chosen cut-off in
skin turgor studies, so we used this as a cut-
off and added data driven cut-offs: median
(1 sec);minimum (0 sec);maximum (4 sec)
(Kafri 2013). Pragmatically ≥ 1, ≥ 3, ≥ 4
Skin turgor
58): Hand: abnormal
Skin turgor on back of handwas considered
abnormal (no definition)
Defined by primary study authors (
McGarvey 2010)
Skin turgor
59) site unspecified: abnormal
The only instructions on form (there was
no other specific information as to site
etc and considered to be a judgement):
“Doesn’t bounce back if pinched”
Defined by primary study authors (Rowat
2011)
Capillary refill
60) ≥ 4 sec
61) ≥ 3 sec
62) ≥ 2 sec
≥ 4 sec versus 0 to 3 sec
≥ 3 sec versus 0 to 2 sec (Kafri 2013i)
Capillary refill of middle finger at heart
height > 2 sec (Shimizu 2012)
≥ 2 sec versus 0 to 1 sec
Cut-offs data driven, defined by Shimizu
2012 dataset (> 2 sec versus 0 to 2 sec) and
by Kafri 2013 (median (2 sec); minimum
(1 sec); maximum (4 sec)). Cut-offs ≥ 2
sec, ≥ 3 sec and ≥ 4 sec
63) Dry axilla by touch Axilla (underarm) was dry to the feel (as
opposed to moist)
Feel of axilla - dry or moist. Defined by pri-
mary study authors (Eaton 1994; Shimizu
2012)
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Table 1. Explanations of cut-off values (Continued)







Mean axillary moisture in the primary re-
searchwas 37%, with a mean of 33% in the
dehydrated group and 42% in the hydrated
group, so cut-offswere chosen at 37%, 32%






Coma or stupor versus other (Chassagne
2006) or decreased consciousness (Shimizu
2012)
Coma or stupor or obsessed versus alert
Cut-offs provided by levels chosen by pri-
mary researcher (coma, stupor, obsessed,
alert) (Chassagne 2006). We also included
data presented in Shimizu 2012, as de-





Mini-Mental State Exam, ameasure of cog-
nitive health, scores from 0 to 30, higher
scores suggest better cognitive health
Cut-offs chosen according to standards for
the Mini-Mental State Exam, with a score
of 24 or less indicating presence of demen-
tia, 20 to 24 indicating mild dementia, 10
to 19 moderate dementia and < 10 severe
dementia (O’Bryant 2008; Simard 1998).






Neecham confusion scale, a 9-item instru-
ment for assessing confusion, range 0 to 30.
Scores of≤ 24 suggest delirium, other cut-
offs chosen at 20 and 27
Tiredness
76) Severe
77) Moderate or severe
Do you have any symptoms of tiredness?
0 = no, if yes graded on 1 to 100 VAS for
severity. Severe tiredness ≥ 67, Moderate
tiredness≥ 34, fatigue (tiredness of any de-
gree) ≥ 1
VAS scale split into thirds (Sjöstrand ED
2013; Sjöstrand Healthy 2013)
78) Fatigue, any Participant reported fatigue. Participant
answered “yes” to question of whether had
felt fatigue over past 3 days (Kajii 2006)
or answered “yes” to feeling symptoms of
tiredness (any number >0on0 to 100VAS)
(Sjöstrand Healthy 2013).
79) Lassitude Participant answered “yes” to question of
whether had felt lassitude over past 3 days
Set by primary researcher (Kajii 2006)
80) Feels dull Participant answered “yes” to question of
whether had felt dull over past 3 days
Set by primary researcher (Kajii 2006)
81) Dry oral mucosa, cheek Dry oral mucosa, assessed on the inside of
the cheek - dry versus wet
Defined by researchers (Chassagne 2006).
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Mild, moderate or severe versus none
Moderate or severe versus none or mild
Severe versus none, mild or moderate






Mild, moderate or severe versus damp
Moderate or severe versus mild or damp
Severe versus mild, moderate or damp
Severity categories as defined by study au-
thor (Kafri 2013)
Resistance at 50 kHz from BIA
88) ≥ 550 ohm
89) ≥ 450 ohm
90) ≥ 350 ohm
Dichotomised at 550 ohm
Dichotomised at 450 ohm
Dichotomised at 350 ohm
Cut-off proposed at 550 ohm by Allison
2005 (with values of at least 550 ohm sug-
gesting hypovolaemia). Other cut-offs cho-
sen at 350 and 450 ohm pragmatically
Resistance at 100 kHz from BIA
91) ≥ 550 ohm
92) ≥ 450 ohm
93) ≥ 350 ohm
Dichotomised at 550 ohm
Dichotomised at 450 ohm
Dichotomised at 350 ohm
Cut-off proposed at 550 ohm by Allison
2005 (with values of at least 550 ohm sug-
gesting hypovolaemia). Other cut-offs cho-
sen at 350 and 450 ohm pragmatically
Resistance at 200 kHz from BIA
94) ≥ 550 ohm
95) ≥ 450 ohm
96) ≥ 350 ohm
Dichotomised at 550 ohm
Dichotomised at 450 ohm
Dichotomised at 350 ohm
Cut-off proposed at 550 ohm by Allison
2005 (with values of at least 550 ohm sug-
gesting hypovolaemia). Other cut-offs cho-
sen at 350 and 450 ohm pragmatically





< 45% versus ≥ 45%
< 47% versus ≥ 47%
< 49% versus ≥ 49%
Cut-offs chosen based on data published in
Kafri 2013, best total body water percent
diagnostic accuracy at 47%, outliers 45%,
49%





< 25% versus ≥ 25%
< 27% versus ≥ 27%
< 29% versus ≥ 29%
Cut-offs chosen based on data published in
Kafri 2013, best intracellular water percent
diagnostic accuracy at 27%, outliers 25%,
29%





< 18% versus ≥ 18%
< 20% versus ≥ 20%
< 22% versus ≥ 22%
Cut-offs chosen based on data published in
Kafri 2013, best extracellular water percent
diagnostic accuracy at 20%, outliers 18%,
22%
106) Insufficient tears Insufficient tear sample for osmolality anal-
ysis (< 50 nL)
Assessed as in Fortes 2011
107) Insufficient tears or not tolerated Insufficient tear sample for osmolality anal-
ysis (< 50 nL) or participant could not tol-
Assessed as in Fortes 2011
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Table 1. Explanations of cut-off values (Continued)
erate tear collection
108) Oral thickener used Participants taking fluid orally with a thick-
ener versus those with oral intake and no
thickener or nasogastric feeds
Categories chosen by study author (Stotts
2009)
109) Oral fluid without thickener Participants taking fluid orally without
thickener versus those with oral intake and
thickener or nasogastric feeds
Categories chosen by study author (Stotts
2009)
110) Lips dry Participant reports lips have felt dry during
past 3 days
Categorised by study authors (Kajii 2006)
Dry mouth
111) Severe
112) Moderate or severe
Do you have any symptoms of dry mouth?
0 = no, if yes graded on 1 to 100 VAS for
severity. Severe dry mouth ≥ 67, moderate
≥34+, fatigue (any degree) ≥ 1
VAS scale split into thirds (Sjöstrand ED
2013; Sjöstrand Healthy 2013)
113) Dry mouth, any Participant reports drymouth of any degree Participant reports mouth has been dry
over the past 3 days (Kajii 2006) or
Reports abnormal dryness (Source Study
2000 - unclear who assessed, and Rowat
2011 - assessed by staff )
Researchers found both tongue & oral mu-
cosa to be dry (Shimizu 2012),
Researchers found dry oral mucosa, as-
sessed at the linguo-maxillary sulcus (
Chassagne 2006)
Oral mucous membranes found to be dry
by the examiner (McGarvey 2010)
Participants reported they had some symp-
toms of dry mouth (Sjöstrand ED 2013;
Sjöstrand Healthy 2013)





Severe: > 125 mm of 180 mm scale (0
equates to “not thirsty at all”, 125 “ex-
tremely thirsty”) or≥ 67 on a 100mm scale
Moderate: > 80 mm of 180 mm scale
Mild: > 40 mm of 180 mm scale
Thirst VAS rating > 125mm of 180 mm
scale, 0 equates to “not thirsty at all”, 125
equates to “extremely thirsty” (Mack 1994)
. As the median of this small dataset was 51
mm (minimum (0); maximum 1(30 mm))
one cut-off was chosen below the median,
at 40mm, andone intermediate (at 80mm)
. For Sjostrand severe thirst was assumed as
a score of equated to ≥ 67, moderate to ≥
34, mild to ≥ 1 (Sjöstrand Healthy 2013)
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Table 1. Explanations of cut-off values (Continued)
118) Thirsty, any degree Participant feels thirsty (any degree) Participant reports they have felt thirst over
past 3 days (Kajii 2006) or thirst (no de-
scription how assessed (Source Study 2000)
, or participant says whether or not they
feel thirsty at present (McGarvey 2010), or
stated that did or did not have symptoms
of thirst (0 = no, if yes graded on 1 to 100
VAS for severity) (Sjöstrand Healthy 2013)
119) Tongue smarts Participant answers “yes” to question of
whether tongue has been smarting over past
3 days
120) Mouth smarts Participant answered “yes” to question of
whether anywhere other than their tongue
has been smarting over past 3 days
121) Sticky saliva Participant answered “yes” to question of
whether saliva has been sticky over the past
3 days
122) Sticky mouth Participant answered “yes” to question of
whether mouth has felt sticky over past 3
days
123) Blue lips Blue lips (assessed as blue or not, by staff )
124) Sunken eyes Sunken eyes (assessed as sunken or not, by
staff )
125) Bed sores Presence of bed sores (assessed as present or
not by staff )
126) Swallowing problems Participant answered “yes” to question of
whether had had swallowing problems over
past 3 days
127) Enjoyment of food Participant reported lack of enjoyment of
food, by answering “no” to question of
whether had felt enjoyment of food over
past 3 days
128) Appetite Participant reported lack of appetite, by an-
swering “no” to question of whether had
felt good appetite over past 3 days
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Table 1. Explanations of cut-off values (Continued)




DEQ-5 DEQ-5 range 0 to 20, higher scores indi-
cate more frequent or severe dry eyes. Cut-
off of > 6 suggested by literature review of
Fortes 2011, others data driven (median (6)
; minimum (0); maximum (18)) at 3, 6, 12
Dry eye severity by VAS
132) > 5.0 cm
133) > 1.1 cm
134) > 0.6 cm
VAS of 10 cm in reply to “How dry do your
eyes feel right now” with 0 meaning “not
at all dry” and 10 meaning “very dry”
Cut-offs data driven (median (1.1 cm);
minimum (0 cm): maximum (9 cm)) at 0.
6 cm, 1.1 cm and 5.0 cm (Fortes 2011)
Non-invasive tear film breakup time
135) < 6 sec
136) < 10 sec
137) < 27 sec
Non-invasive tear film breakup time (sec) Cut-off of < 10 sec suggested as result of lit-
erature review by Fortes 2011, others data
driven (median (8.9 sec); minimum (2.5
sec); maximum (44.7 sec)) at < 6 sec, < 10





Do you have any symptoms of balance
problems? 0 = no, if yes graded on 1 to 100
VAS for severity. Severe balance problems
≥ 67, moderate ≥ 34, mild ≥ 1
VAS scale split into thirds (Sjöstrand ED





Do you have any symptoms of headache?
0 = no, if yes graded on 1 to 100 VAS for
severity. Severe headache ≥ 67, moderate
≥ 34, mild ≥ 1
VAS scale split into thirds (Sjöstrand ED





Do you have any symptoms of nausea? 0
= no, if yes graded on 1 to 100 VAS for
severity. Severe nausea ≥ 67, moderate ≥
34, mild ≥ 1
VAS scale split into thirds (Sjöstrand ED





Do you have any symptoms of muscle
weakness? 0 = no, if yes graded on 1 to 100
VAS for severity. Severemuscle weakness≥
67, moderate ≥ 34, mild ≥ 1
VAS scale split into thirds (Sjöstrand ED





Do you have any symptoms of dizziness?
0 = no, if yes graded on 1 to 100 VAS for
severity. Severe dizziness≥ 67, moderate≥
34, mild ≥ 1
VAS scale split into thirds (Sjöstrand ED
2013; Sjöstrand Healthy 2013)
153) Combined drinks AND fatigue Combined measure, scored where an in-
dividual participant BOTH missed some
drinks between meals AND reported fa-
tigue
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Table 1. Explanations of cut-off values (Continued)
154) Combined, drinks OR fatigue Combined measure, scored where an indi-
vidual participant EITHER missed some
drinks between meals OR reported fatigue
(or both)
BIA - bioimpedance analysis; BPM - beats/minute; DEQ-5 - dry eye questionnaire; USG - urine specific gravity; VAS - visual analogue
scale
Table 2. Meta-analysis results for water-loss dehydration: cut-off at 295 mOsm/kg$
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6 158 Meta-analysis would not run
> 800
mOsm/kg*






















Heart rate ≥ 120 BPM 4 373 Meta-analysis would not run
≥ 100
BPM**
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Table 2. Meta-analysis results for water-loss dehydration: cut-off at 295 mOsm/kg$ (Continued)








































































































$Water-loss dehydration includes those with impending (serum osmolality 295 to 300 mOsm/kg) and current (serum osmolality >300
mOsm/kg) dehydration
* and **: these meta-analyses did not run using the metandi command as usual, but those marked * ran using nip(7), those marked **
did not run with nip(7), but did run with nip(8)
BIA - bioelectrical impedance analysis; BPM - beats per minute; ECW - extracellular water; ICW - intracellular water; TBW - total
body water; USG - urine specific gravity
Table 3. Diagnostic accuracy of tests for water-loss dehydration: 295 mOsm/kg cut-off$
Test Stud-
ies
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0 0.80 0 1.06 0.19 0 0.20
Kajii
2006


























0.21 0.86 1.16 0.71 0.19 0.21 0.14
Kajii
2006



























0.19 # 1 # 0.19 0.19 #
Kajii
2006



























0 0.75 0 1.42 0.19 0 0.25
Kajii
2006



























# 0.81 # 1 0.19 # 0.19
Lind-
ner




1 0.28 # 0.81 0.76 1 0.72
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0 0.70 0 1.5 0.22 0 0.30
Stotts
2009

















































0.77 0.24 1.03 0.98 0.76 0.77 0.76
Perren
2011







































0.78 0.25 1.08 0.92 0.76 0.78 0.75
Perren
2011








0.2 0.75 0.88 1.17 0.22 0.2 0.25
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Table 3. Diagnostic accuracy of tests for water-loss dehydration: 295 mOsm/kg cut-off$ (Continued)
Stotts
2009




























































# 0.81 # 1 0.19 # 0.19
Fletcher
1999
































1 0.27 # 0.85 0.76 1 0.73
Mack
1994








0 0.78 0 1.14 0.2 0 0.22
Perren
2011








0 0.67 0 1.75 0.22 0 0.33
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# 0.81 # 1 0.19 # 0.19
Fletcher
1999
































0.86 0.26 1.85 0.88 0.76 0.86 0.74
Mack
1994








0 0.75 0 1.33 0.2 0 0.25
Perren
2011



























# 0.81 # 1 0.19 # 0.19
Fletcher
1999
































0.77 0.24 1.03 0.98 0.76 0.77 0.76
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Table 3. Diagnostic accuracy of tests for water-loss dehydration: 295 mOsm/kg cut-off$ (Continued)
Mack
1994








0.2 0.8 1 1 0.2 0.2 0.2
Perren
2011
































0 0.80 0 1.06 0.19 0 0.20
Fletcher
1999
































0.79 0.3 1.17 0.72 0.76 0.79 0.7
Mack
1994








0.13 0.5 0.57 4 0.2 0.13 0.5
Perren
2011



























0.5 0.68 1.87 0.90 0.35 0.5 0.32
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0 0.95 0 1.03 0.05 0 0.05
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2011
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Perren
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0.19 # 1 # 0.19 0.19 #
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0.5 0 0.43 # 0.7 0.5 1
Perren
2011

























# 0.810 # 1 0.190 # 0.190
Culp
2003








# 0.205 # 1 0.795 # 0.795
Rowat
2011





































# 0.810 # 1 0.190 # 0.190
Culp
2003








0.58 0.20 0.36 1.06 0.80 0.58 0.80
Rowat
2011








0.75 0.23 0.92 1.03 0.77 0.75 0.77
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# 0.81 # 1 0.19 # 0.19
Culp
2003








0.76 0.19 0.83 1.07 0.80 0.76 0.81
Rowat
2011
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Rowat
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0.25 0.67 0.92 1.38 0.27 0.25 0.33
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1.00 0.21 # 0.84 0.82 1.00 0.79
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0.6 0.42 1.08 0.98 0.58 0.6 0.58
Shimizu
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0.45 0.84 2.75 0.61 0.23 0.45 0.16
Shimizu
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0.8 0.54 3.73 0.79 0.52 0.8 0.46
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1.00 0.25 # 0.90 0.77 1.00 0.75
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1 0.909 # 0.2 0.333 1 0.090
Kafri
2013




















1.00 0.26 # 0.82 0.77 1.00 0.74
Stookey
2005






0.03 0.96 0.77 1.14 0.04 0.03 0.04
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Stookey
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